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ABSTRACT 
 
 
The need for more engineers equipped with new skill sets is essential for ensuring 
our national security, climate sustainability, and maintaining our position as a global 
leader in innovation and as an economic world power. The design challenges engineers 
face increasingly require a human-centered, creative, practical, and systems-based 
approach to find the most elegant solutions; i.e. they require design thinkers. According 
to Tim Brown of IDEO, the characteristics that distinguish design thinkers include: 
“empathy—they imagine the world from multiple perspectives, integrative thinking—
they can analyze at a detailed and holistic level to develop novel solutions, optimism—
they don’t back down from challenging problems, experimentalism—they ask questions 
and take new approaches to problem solving, and collaboration—they work with many 
different disciplines and often have experience in more than just one field.”  
This research builds on these ideas by developing and testing measures of design 
thinking, characterizing design thinkers (e.g. what are their demographics, career goals, 
interests), and comparing design thinkers with non-design thinkers. The Sustainability 
and Gender in Engineering (SaGE) survey, administered to a nationally representative 
sample of college freshman (N=6,772), covered a variety of topics related to 
sustainability, whole systems design, career goals, high school experiences with math and 
science, and student demographics. Ultimately 9 items from the survey were selected for 
inclusion in the design thinking scale. Design thinkers were characterized and compared 
using basic statistics, Mann-Whitney U tests, chi-square tests, and multiple linear 
regression modeling.  
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The study found that design thinkers are a diverse group of high achieving 
students that see their career as an opportunity to positively impact the world. Design 
thinkers cited helping others, being able to create and invent, and making use of their 
talents and abilities as more important to their career satisfaction. They are systems 
thinkers that see the interconnectivity of things, not viewing themselves as separate from 
nature, but a part of it. Design thinkers are concerned and interested in tackling the 
economic, environmental, and social sustainability challenges our society is facing. And 
they believe that engineers play an important and altruistic role in the world by saving 
lives, protecting the environment, and addressing societal concerns. Design thinkers are 
precisely what we need more of in engineering and science—they want to save the world. 
Educators, policy makers, and concerned citizens take note. These findings show 
valuable leverage points for broadening participation in engineering and creating a more 
resilient and innovative engineering workforce.
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CHAPTER ONE 
INTRODUCTION: WHAT OUR SUSTAINABILITY OBLIGATIONS MEAN FOR 
ENGINEERING DESIGN EDUCATION? 
1.1. Context 
The need for a diverse group of engineers that think creatively, design holistically, 
and work collaboratively to create a more sustainable future for the United States and the 
World at large is widely recognized. However, the dominance of both white males and 
safe and incremental problem-solving approaches in engineering persists. Biodiversity is 
Nature’s way of ensuring resilience of ecosystems against disease, changing resources, 
and climate change (Kumar, 2010)—our engineering workforce needs not only diversity 
in socioeconomic and cultural backgrounds, but also diversity in mindsets and 
perspectives to ensure the resilience of our society against these same threats. Design 
thinking may be key to addressing both the innovation and diversity gaps that exist in 
engineering.  
1.1.1. Defining Sustainability & Sustainable Design 
Defining the nature of the problems we face as engineers and educators has no 
better start than with defining one of the most over-used words in the field—
sustainability. The most widely cited definition of sustainability comes from the 1987 
Brundtland Commission, which states that sustainability “meets the needs of the present 
without compromising the ability of future generations to meet their own needs,” (World 
Commission on Environment and Development, 1987). The all-encompassing nature of 
this definition is a source of both unanimity and controversy. To refine the broadness of 
 2 
the Brundtland definition, consider the National Park Service’s observation that, 
“Sustainability does not require a loss in the quality of life, but does require a change in 
mindset, a change in values toward less consumptive lifestyles. These changes must 
embrace global interdependence, environmental stewardship, social responsibility, and 
economic viability” (National Park Service, 1993).  
The National Park Services goes on to prescribe that “Sustainable design must use 
an alternative approach to traditional design that incorporates these changes in mindset. 
The new design approach must recognize the impacts of every design choice on the 
natural and cultural resources of the local, regional, and global environments” (National 
Park Service, 1993). Thus the definition of sustainable design that guides this research is:  
Sustainable design is an alternative approach to traditional design which leads 
toward a less consumptive mindset that embraces global interdependence, 
environmental stewardship, social responsibility, and economic viability, and 
considers the impacts of design choices at local, regional, and global levels. 
1.1.2. Why Do We Need Sustainable Design? 
Now that the definition of sustainability for this research is set, the question may 
be asked why? The problems we face as designers and as a society are indisputably 
significant. Shortages of energy, natural resources, water, and food; threats of war, and 
political instability; rising levels of poverty, homelessness, and disease; slipping quality 
of education and infrastructure; all of these things are compounded by what is arguably 
our largest issue, radical population growth. Currently hovering around 7 billion people, 
the world population is expected to reach 10.1 billion by 2100 in a recently revised 
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projection by the UN—and is anticipated to continue to grow (Kaiser, 2011). Rapid 
population expansion fast tracks the strain on natural resources and energy and ultimately 
magnifies the impact humans have on the health of the planet. One measure of the impact 
of human activities on the environment is carbon footprint. It is calculated by equating 
the amount of greenhouse gases produced in our daily lives through burning fossil fuels 
for electricity, heating, and transportation, etc. to a unit of metric tons of carbon (Carbon 
Footprint, n.d.). This particular environmental impact measure is frequently associated 
with the issue of climate change—a higher carbon footprint leads to a larger impact on 
global climate change.  
The average American has a carbon footprint of 20 metric tons of CO2 each year, 
approximately five times the annual world average of 4 metric tons of CO2 per person (a 
figure that includes the US population) (Massachusetts Institute of Technology [MIT], 
2008). With a carbon footprint estimated at 8.5 metric tons of CO2, the average homeless 
person in the U.S. is still more than two times as demanding on global resources when 
compared with the world average (MIT, 2008). Consider for a moment that to combat 
climate change, the worldwide target for average carbon footprint would be 2 metric tons 
(Carbon Footprint, n.d.). Hopefully these numbers elucidate the currently inequitable 
distribution of energy resource and carbon intensity. And carbon emissions and climate 
change are just one piece of the sustainability puzzle.  
Even those not persuaded by carbon accounting and climate change, cannot 
ignore that we face other increasingly complex social, economic, and ecological issues 
both domestically in the U.S. and globally in developing countries. Presently, over half 
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the world’s population currently resides in cities or urban areas, and those numbers are 
projected to grow substantially over the next few decades (UNFPA, 2007). Amplifying 
the strain on social, economic, and natural resources, these growing urban populations are 
responsible for nearly 75 percent of the world’s energy consumption, while representing 
only 2 percent of the world’s surface area (Oliver, 2007). However, density and 
concentration of resource usage is not necessarily a bad thing—a smaller geographic 
footprint presents an opportunity for urban designers and engineers to thoughtfully and 
intelligently improve resource distribution efficiency, reduce transportation costs, and 
reduce the overall impact on the environment. Unfortunately urban settlement patterns 
have been trending towards anything but a desirable density with a minimal geographic 
footprint. In the 20-year period from 1970 to 1990, the 100 largest urbanized areas in the 
United States sprawled an additional 14,545 square miles, consuming more than 9 million 
acres of natural habitats, farmland, and rural space (NumbersUSA, n.d.).  
Sprawl and population growth have more than environmental impacts on our 
country. The Carrying Capacity Network suggests that if current population growth 
trends continue, the USA will cease to be able to export food by about the year 2030, thus 
losing approximately $40 billion in annual income from export sales. Growing distances 
between where people live, work, and play leads to increased dependence on the personal 
automobile—which has been linked to increased social isolation and obesity. Increasing 
cases of asthma, climate change, erosion, extinction of wildlife, and the gobbling up of 
small farms are just a few plights of this unsustainable land use pattern (Nasser and 
Overberg, 2001). Growing populations and spreading development are increasing the 
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demand for resources such as energy and water while making efficient distribution more 
difficult. We need a more holistic, innovative, and collaborative approach to resolve the 
complexities of these interrelated problems.  
Looking toward the developing world, the social, economic, and ecological 
matters grow even graver. Three in every four people living on less than a dollar a day, 
also suffering from malnutrition, reside in rural areas in developing countries. But 
urbanization does not equate to improvements in their quality of life. In fact, the United 
Nations reported that “in 2005, one out of three urban dwellers (approximately 1 billion 
people) was living in slum conditions” (UN, 2007). Access to modern energy is a concern 
in these developing countries where “some 2.5 billion people are forced to rely on 
biomass—fuel wood, charcoal and animal dung—to meet their energy needs for cooking. 
In sub-Saharan Africa, over 80 percent of the population depends on traditional biomass 
for cooking, as do over half of the populations of India and China” (United Nations 
Development Program [UNDP], 2007).  
When we look to social infrastructure like education in the developing world we 
see both challenges and opportunities for huge gains. Based on enrollment data, 
approximately 72 million children of primary school age in the developing world were 
not in school in 2005. Of those 72 million children, 57 percent of them were girls (UN, 
2007). Improvement in educational opportunities—especially for females—provides a 
synergistic solution to multiple dimensions of the sustainability problem. Education and 
empowerment of women has been shown to substantially curb population growth, 
improve child health, and lead to gains in agricultural productivity (Brown, 2009; 
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Ehrlich, Kareiva and Daily 2012; Hill and King, 1995). In their recent article for Nature, 
Ehrlich, Kareiva, and Daily note the “interesting parallel between the empowerment of 
women in cities and reduced fertility, and the empowerment of women in rural poor 
communities and more sustainable resource use,” and call for focused efforts on women 
when crafting strategies for conservation and reduced environmental impacts (Ehrlich, 
Kareiva and Daily, 2012).  
Rising to these local and global challenges will require a drastic change in the 
way we think about and design solutions for our world. We can no longer ignore the 
interrelatedness of the systems that make up our planet, economies, and societies. These 
issues are intertwined, and the solutions designers and engineers deliver will have to 
recognize and consider that fact. For example, consider an engineer interested in 
alleviating traffic congestion on a major city road. Historically solutions would involve 
additional travel lanes, or construction of a new street through an existing neighborhood 
to better handle traffic demands. However, this shortsighted approach has been shown to 
have the opposite effect. Often automobile traffic actually increases and sometimes 
results in a lower level of service (LOS) for the roadway with the addition of a new lane 
or a new road. And don’t forget that often, designing and building new streets for 
automobiles destroys neighborhoods, hurts local businesses, leading to additional 
pollution, runoff, and other adverse environmental impacts.  
A more holistic approach to the problem would consider ways to reduce the 
number of personal automobiles on the road. Better solutions would consider adding 
mass transit, bike lanes, and reducing travel lane width, in turn making the street more 
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pedestrian friendly. These complete street measures have been shown to reduce or handle 
current traffic patterns, while improving the safety, walkability, and economic vitality of 
neighborhoods. As this example illustrates, the issues are complex and require a fresh and 
open-minded approach. Engineers, planners, designers, and policy makers will have to 
work to break down silos, collaborate across disciplines, change perspectives, and get 
creative. Systems thinking and collaboration are not new ideas; designers in every field 
have been talking about them for years. However, the time has come to do more than just 
talk; the time to prioritize and prepare an engineering workforce capable of innovating 
and tackling these issues is here, and some may argue is long overdue. 
1.1.3. Who Will Design A More Sustainable Future? 
Surely the issues outlined so far will not be confronted by one discipline alone. 
Instead the challenges of creating a sustainable future will require an orchestration of 
efforts from a variety of professionals and people: politicians, activists, educators, 
scientists, architects, and engineers. To work effectively together, each of these 
disciplines must become skilled in collaboration, communication, and systems thinking 
and recognize the value of having a diversity of perspectives. Some fields such as 
political science or architecture have a rich history of valuing and teaching these so-
called “soft skills” while other fields, like engineering have not truly integrated them into 
their training and education programs (Kumar and Hsiao, 2007).  
The need for more engineers equipped with a different skill set from previous 
generations has been acknowledged as essential for ensuring our national security, and 
maintaining our position as a global leader in innovation and as an economic world 
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power. Public agencies and our nation’s leaders have recognized the need for increasing 
the number of graduating engineers and for changing the way that engineers are educated 
as demonstrated by the surges both in funding opportunities and rhetoric. In 2013, 
through its Graduate Research Fellowship Program (GRFP), the National Science 
Foundation (NSF) anticipates funding 2,000 new graduate students in engineering in the 
sciences for three years of study, with an expected budget of $243,000,000. With this 
program, the NSF aims to “ensure the vitality and diversity of the scientific and 
engineering workforce in the United States (NSF, 2012).” Moreover, in speeches on 
domestic energy policy and the economy, President Barack Obama has stated the need 
for “more engineers and scientists,” urging the country’s youth to consider pursuing 
degrees in science, technology, engineering, and math (STEM) disciplines (from 
speeches on April 14, 2009 at Georgetown University and February 23, 2012 at 
University of Miami).  
However the national push for more engineers and scientists cannot simply be a 
shortsighted attempt to funnel a certain quota of young people into the STEM disciplines. 
Experts, leaders, and educators have also highlighted the necessity of graduating 
engineers that are comfortable with complexity and change, skilled in collaboration and 
innovation. Achieving these goals will require a diverse mix of students entering the 
STEM disciplines from a variety of cultural, socio-economic, and experiential 
backgrounds. 
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1.1.4. The Issue of Diversity In Engineering & Engineering Education 
 Resiliency in any system, natural or human, is generally reinforced by diversity. 
Biodiversity in nature ensures that ecosystems can absorb impacts without collapsing. 
Diversity in the engineering workforce would not only help fill the demand for more 
engineers, but would make the profession as a whole more capable, more resilient, and 
more innovative. This is not a political plug for gender or racial diversity; it’s a practical 
one, a call for diversity of backgrounds, mindsets, and perspectives. A rich diversity in 
the way engineers think and approach problems will only lead to more creative and 
unexpected solutions to our most pressing issues of energy, water, economic vitality, and 
climate change.  
 However, the field of engineering is anything but diverse, and the trends in 
student enrollment do little to suggest it is changing. In 1999, only 19.8% (71,376) of the 
361,395 enrolled full-time undergraduate students pursuing degrees in engineering were 
women, and only 7.0% (25,419) were black (Engineering Workforce Commission 
(EWC), 2010). Fast-forward 10 years and the situation has only gotten worse—only 
17.9% (83,988) of the 468,139 enrolled full-time undergraduate students pursuing 
degrees in engineering were women, and only 5.4% (25,189) were black (EWC, 2010). 
Examining the demographics of those actually employed in engineering fields is even 
more discouraging. In 2006, white males held 55% of the engineering jobs in the U.S., 
white women pulled into second place making up 18% of the engineering workforce, 
black males held only 2% of the engineering jobs, and black females made up a meager 
1% of the engineering workforce (National Science Foundation, National Center for 
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Science and Engineering Statistics (NSF/NCSES), 2011). According to the U.S. Census 
Bureau, in 2006 approximately 50.9% of the U.S. population were female, and 49.1% 
were male—the numbers make clear the massive underrepresentation of females in the 
field of engineering (U.S. Census Bureau, 2006). 
 Another cause for concern is the slipping performance and interest in science and 
math of U.S. students in elementary and secondary school when compared with their 
international peers. Once leading the way, U.S. students are now ranked in the middle of 
the pack or lower when compared with industrialized and rapidly industrializing 
countries as indicated by fourth and eighth grade performance on the Trends in 
International Mathematics and Science Study (TIMSS) (Gonzales et al., 2009). When it 
comes to applying science and technology skills, as measured by the Programme for 
International Student Assessment (PISA), U.S. 15-year-olds scored below most other 
nations in 2006 dropping the U.S. rank in both math and science from its previous rank in 
2000 (National Science Board, 2010).  Poor performance and lack of interest in math and 
science during high school does not bode well for broadening participation in engineering 
at the college level. 
 Over the last few decades multiple initiatives and projects have tried to encourage 
greater participation in engineering and science, some grounded in theory and research 
while others were less scientifically founded. These expansive efforts have included: the 
formation and expansion of engineering societies that support underrepresented groups 
such as Society of Women Engineers (SWE) in 1950, Women in Science and 
Engineering (WiSE) and the National Society of Black Engineers (NSBE) in 1975; 
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expansion of scholarships for minorities; connecting engineering professionals with K-12 
classrooms; and providing summer transitional programs that get college freshman 
prepared for the intensity of engineering curricula. More recently, the National Academy 
of Engineering (NAE) launched a project (founded on market research) to craft and refine 
the public image of engineering through their Center for the Advancement of Scholarship 
on Engineering Education (CASEE). The message to the public and specifically to youth 
is that “engineering can make a world of difference” (Vest, 2011). 
 There is little doubt that overcoming equity issues in science and engineering at 
the K-12 level will require providing students with equal resources (National Research 
Council (U.S.) and Committee on Conceptual Framework for the New K-12 Science 
Education Standards, 2011). But broadening participation will also require connecting to 
students’ interests and experiences. There is “increasing recognition that the diverse 
customs and orientations that members of different cultural communities bring both to 
formal and to informal science learning contexts are assets on which to build—both for 
the benefit of the student and ultimately of science itself” (National Research Council 
(U.S.) and Committee on Conceptual Framework for the New K-12 Science Education 
Standards, 2011). The key to increased participation in engineering and science, 
especially amongst underrepresented groups is to understand what interests them and to 
then provide them with opportunities to bring their unique perspectives and interests into 
the field. This research study aims to do just that.  
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1.1.5. Integrating Engineering & Design Thinking in K-12 Education 
A committee with representatives from the National Academy of Sciences and the 
National Academy of Engineering created a three-pronged framework for K-12 science 
education that reflects the need for society to address the pressing global sustainability 
challenges we’ve discussed so far. In three categories—practices, crosscutting concepts, 
and core ideas in science and engineering—the framework establishes several broad 
objectives for science education. Students 
 should develop an appreciation for science;  
 possess enough engineering and science skills and knowledge necessary to 
engage in public dialogue; 
 be able to examine scientific and technical information with a critical eye; 
 be able to “pursue careers of their choice including (but not limited to) 
careers in science, engineering, and technology” (National Research 
Council (U.S.) and Committee on Conceptual Framework for the New K-
12 Science Education Standards, 2011).  
Several aspects of the committee’s recommendations for science and engineering 
practices in K-12 education are particularly relevant to this research.  One of the eight 
practices the committee believes students should be engaged in is constructing 
explanations (with respect to science) and designing solutions (with respect to 
engineering).  They describe the engineering design and scientific theory development 
processes as iterative and systematic. However they draw distinctions between the 
elements of the processes noting that engineering design requires specification of 
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constraints and criteria for desired qualities of the solution, development of a design plan, 
production and testing of models or prototypes, careful selection of alternative design 
features to optimize design solutions, and refinement of design ideas based on prototype 
or simulation results. The committee went on to say that students should be able to define 
the systems they are studying and designing solutions for by specifying their boundaries 
and modeling the system. Systems thinking and systems modeling provide students with 
critical tools for understanding and testing science and engineering ideas, which is 
essential during the engineering design process. The core ideas for the engineering, 
technology, and applications of science (ETS) component of the K-12 framework 
emphasizes the importance of engaging all K-12 students in the engineering design 
process and understanding the links amongst engineering, technology, science, and 
society. The National Academy of Sciences and National Academy of Engineering see 
engineering design as a creative problem solving process that is influenced by and 
influences societal systems, the natural environment, and our economies. Understanding 
student’s propensity for and interest in design, and how these things relate to their career 
goals and interest in sustainability could be crucial to encouraging diversity and 
innovation in the engineering workforce.  
1.2. Problem Statement 
The problems we face are complex and large: rapid resource depletion, climate 
change, shortages of water and food worldwide, violence and war, educational inequity, 
crumbling infrastructure. Something will have to give; the planet simply cannot support 
this current trajectory of intense resource use partnered with exploding global 
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population—or rather it won’t be able to support human life if this trajectory continues. 
While the challenges seem daunting, we are not yet doomed. We have the opportunity to 
dramatically change our world for the better. To do so will require radically creative 
solutions, authentic collaboration, and fresh perspectives. Engineers, policy makers, and 
educators must work to promote sustainable development both domestically and in the 
developing world to provide people with greater quality of life that respects social needs, 
makes economic sense, and restores environmental health. 
Creating a more sustainable future will require that we recruit and educate a 
workforce eager and equipped to engage our society’s most pressing design problems 
head on. In an article for the Harvard Business Review, IDEO’s (an industry leader in 
design thinking) CEO, Tim Brown put the challenge this way:  
“These problems all have people at their heart. They require a human-centered, 
creative, iterative, and practical approach to finding the best ideas and ultimate 
solutions. Design thinking is just such an approach to innovation” (Brown, 2008).  
Enhancing diversity in engineering and science could greatly shift the engineering design 
paradigm towards this more human-centered design approach, ultimately yielding more 
innovative and synergistic solutions. Women, for example, are more likely to choose 
more human centered majors and professions, preferring to work with people (organic 
content), whereas men tend to pursue majors and professions that allow them to focus 
working on things (inorganic content) (Lubinski and Benbow, 2006). Diversity has been 
shown to breed innovation and generate unique solutions, so ensuring diversity in 
engineering seems like a logical way to meet these challenges.  But diversity in 
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engineering education cannot just be about gender, race, or socioeconomic background. It 
must also encompass a diversity of mindsets, problem solving approaches, and life 
experiences that brings resourcefulness to the engineering design process. A rich 
diversity in they way engineers think and approach problems will only lead to more 
creative and unexpected solutions to our most pressing issues of energy, water, economic 
vitality, and climate change.  
 Even though the need for engineers skilled and capable in collaborative design 
has been widely recognized, little research has been conducted to characterize and 
understand the career goals and aspirations of students with early or natural 
propensities for collaboration and design thinking. This research intends to address this 
gap in knowledge.  
In his article for Harvard Business Review, Tim Brown of IDEO offered insight 
into the “personality profile” of a design thinker. Characteristics to look for include 
empathy—they imagine the world from multiple perspectives, integrative thinking—they 
can analyze at a detailed and holistic level to develop novel solutions, optimism—they do 
not back down from challenging problems, experimentalism—they ask questions and 
take new approaches to problem solving, and collaboration—they work with many 
different disciplines and often have experience in more than just one field (Brown, 2008).  
This research attempts to build on these ideas by developing and testing measures 
of design thinking propensities amongst a nationally representative first year college 
student sample. The relationships between design thinking propensities and other 
variables (e.g. gender, sustainability preferences, major choice, high school pedagogies) 
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will be explored. The hope is that the findings can inform academics and policy makers 
interested in broadening participation in engineering and creating a more resilient and 
innovative engineering workforce.  
1.3. Scope  
The topics of sustainable design, design thinking, and inequity in engineering and 
science are vast. Therefore this research focused on the five characteristics of design 
thinkers outlined earlier by Tim Brown. The survey instrument used in the Sustainability 
and Gender in Engineering (SaGE) project (funded by the NSF Grant GSE 1036617) 
covered a variety of topics related to sustainability, whole systems design, career goals, 
high school experiences with math and science, and student demographics. The purpose 
of the survey was to study the possible experiences and interests in sustainability topics 
and the correlation with student major choice. The SaGE survey was administered only to 
college freshman at two and four-year institutions during their first year English course. 
Limiting participation to college freshmen increased the likelihood that high school 
experiences would be fresher in their minds and students would have an easier time 
recalling events and experiences that might have influenced their major choices and 
career aspirations. Eighteen survey items were initially considered for inclusion in the 
design thinking scale, which was ultimately reduced to nine items. Further analysis 
explored the relationships between design thinking and career goals, interest in 
sustainability, demographics, and beliefs about engineering.  
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1.4. Research Questions 
The need for engineers skilled and capable in collaborative design has been 
widely recognized, however little research has been conducted to characterize and 
understand the career goals and aspirations of students with early or natural propensities 
for design thinking. To address this gap in knowledge, this research aims to answer the 
following questions: 
1. How might we begin to measure design thinking propensities in students? 
a. What questions might begin to measure design thinking propensities or 
mindsets in students?  
b. What patterns and clusters emerge from items developed to measure 
design thinking propensities? 
2. What are the characteristics of freshman college students self-identifying as 
design thinkers? 
a. What majors are these students with a self-identified design thinking 
mindset pursuing? 
b. What career goals and aspirations do they have? 
c. What is the demographic profile of a design thinker? 
d. What attitudes and beliefs about sustainability do they have? 
e. What attitudes and beliefs about engineering do they have? 
f. What type of students were they in high school? 
3. Are there any differences between design thinkers and non-design thinkers? 
a. Do they have different career goals? 
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b. Do they have different beliefs and attitudes about sustainability? 
c. Do they have different beliefs about engineering?  
d. Was one group higher performing during high school than the other? 
4. How might the findings of this research inform educators and policy makers about 
how to create a more engaging engineering experience that prioritizes design and 
design thinking in undergraduate engineering programs?  
1.5. Research Tasks 
 To answer the research questions, the following steps were/will be taken: 
 Develop survey questions to assess student propensity for design thinking. 
Thirteen items measuring student’s personal perceptions of their systems thinking 
propensities were created based upon a review of the literature and feedback from 
the SaGE research group. A total of 18 items from questions 1, 22, and 24 of the 
SaGE survey were considered for inclusion in the design thinking scale.  
 Administer the survey to first year college students representative of the U.S. 
college student population. The survey was sent by Scantron to participating 
schools beginning in October 2011, and administered by English professors 
teaching first-year English courses at two and four-year colleges and universities. 
The sample was stratified to consider the influence of varying geographical 
regions by selecting colleges and universities representing the Northeast, South, 
Midwest, and West coast regions. The survey was designed to take students 
approximately 20 minutes to complete during their first year English course.  
 19 
 Collect survey results and code variables into a usable data set. Scantron 
collected the survey responses, and the SaGE research group converted the raw 
data into a usable format for the statistical analysis package R.  
 Refine and analyze the reliability of potential design thinking questions with 
exploratory factor analysis, linear regression modeling, and Cronbach’s 
alpha. Through a series of exploratory factor analyses and regression models the 
design thinking scale was reduced from 18 potential items to nine final items 
measuring student’s propensity for design thinking. The exploratory factor 
analysis and Cronbach’s alpha helped demonstrate that the nine items were 
measuring five related characteristics of design thinking.  
 Characterize design thinkers (students scoring high on the design thinking 
scale) with basic statistics. After the design thinking scale was refined, students 
scoring in the top quartile were characterized using basic descriptive statistics to 
analyze their responses to questions of interest on the SaGE survey.  
 Compare design thinkers with non-design thinkers using nonparametric 
statistical tests. With Mann-Whitney U tests and Chi-Squared tests investigate 
the differences between design thinkers and non-design thinkers on important 
variables such as: career goals, beliefs about engineer, and sustainability beliefs 
and actions.  
 Report findings, implications, limitations, and conclusions of research. The 
findings of this research provide tested measures that serve as a starting point for 
a design thinking scale and profiles of first year college students with respect to 
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their interests in sustainability, engineering, and design thinking. These findings 
can help educators, policy makers, and researchers glean an understanding of 
what high school pedagogies and life experiences may lead students to develop a 
propensity for design thinking, and an interest in sustainability and engineering. 
The findings will help inform future efforts to recruit and retain a diverse mix of 
engineering students. Clarification of the implications, limitations, and 
conclusions for future use of the design thinking scale identified by this research 
is an essential step in the research process. 
 Identify areas for future research. This research formulated and tested items 
measuring student’s propensity for design thinking and collaboration with a 
nationally representative freshman student population. It also characterized the 
similarities and differences between design thinkers and non-design thinkers. 
1.6. Intended Outcomes 
 This research has the potential to greatly influence the conversation around 
engineering and science education at the K-12 and college level. It will provide decision 
makers, policy analysts, university administrators, and educators with valuable data about 
the interests, career aspirations, and backgrounds of our nation’s future design thinkers. It 
will highlight the importance of diversity in engineering, and not just diversity in terms of 
gender or race, but diversity in mindset. We need engineers that think differently and are 
willing to take risks, work across disciplines, and innovate to solve the issues of 
sustainable development described in this dissertation. This work aims to highlight the 
potential of current engineering students and demonstrate an untapped resource pool of 
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future engineers that can tackle the problems we face by highlighting their interests and 
career goals related to sustainability and design thinking.   
Better understanding who young design thinkers are, where they come from, and 
what they care about will help inform and motivate engineering programs and K-12 
outreach efforts to deliver an engineering education that authentically values and 
embraces the concepts of sustainability, design, innovation, and collaboration. This 
research will show where the design thinkers are ending up, and often it doesn’t appear 
that many go into engineering. The findings can highlight previously effective strategies 
of campaign building and outreach efforts while pointing to new ones that can engage 
young audiences and change the perception of engineering as an isolated endeavor 
lacking creativity and collaboration to one of innovation, teamwork, and world changing 
potential.  We expect the research will confirm and expand upon the National Academy 
of Engineering’s findings that women gravitate towards and would identify with social 
dimensions of engineering. Making the collaborative, social, and creative dimensions of 
engineering work a prominent part of engineering education and outreach efforts will 
likely be crucial to adding essential “biodiversity” for a more resilient engineering 
workforce. 
1.7. Thesis Structure 
An overview of the literature is presented in Chapter Two, which defines design 
thinking, and provides an overview of diversity issues in engineering education and 
efforts to shift the engineering education paradigm. Chapter Three details the statistical 
analysis methods used to develop and analyze the SaGE survey responses. The major 
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findings of this study and a discussion of their meaning and significance is presented in 
Chapter Four of this dissertation. Finally a summary, a discussion of the impacts and 
limitations of this study, and the areas for future research are included in the fifth and 
final chapter. 
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CHAPTER TWO 
LITERATURE REVIEW: WHAT IS DESIGN THINKING, AND WHY SHOULD 
ENGINEERS CARE? 
 The design challenges our engineers will face are substantial—traditional 
approaches to engineering design are not enough to create the creative, innovative, and 
collaborative solutions our society needs. In this chapter we will investigate: what 
engineers need to be able to do; what design and design thinking are; the past, present, 
and future of engineering design education; and how design thinking might be the key to 
a diverse and resilient engineering workforce. 
2.1. What Do Engineers Need To Be Able To Do?  
What do engineers need to be able to do to meet the design challenges of the 
future under the constraints of environmental, economic, and social sustainability? 
Numerous conferences, committees, and organizations are dedicated to defining what 
young engineers should be able to do when they graduate. The Accreditation Board for 
Engineering and Technology (ABET) is a nonprofit, non-governmental organization that 
utilizes a peer review process to accredit applied science, computing, engineering, and 
engineering technology programs worldwide. Their major objectives are assuring quality 
and stimulating innovation in the fields of engineering and technology and they currently 
accredit over 3,100 programs at more than 600 universities and colleges. However, how 
these objectives are put into practice can vary widely from institution to institution. 
ABET delineated 11 student outcomes for accredited engineering programs. The student 
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outcomes represent what all engineering students, regardless of discipline, should know 
and be able to do by the time of graduation and are:  
a) “An ability to apply knowledge of mathematics, science, and engineering 
b) An ability to design and conduct experiments, as well as to analyze and 
interpret data 
c) An ability to design a system, component, or process to meet desired needs 
within realistic constraints such as economic, environmental, social, political, 
ethical, health and safety, manufacturability, and sustainability 
d) An ability to function on multidisciplinary teams 
e) An ability to identify, formulate, and solve engineering problems 
f) An understanding of professional and ethical responsibility 
g) An ability to communicate effectively 
h) The broad education necessary to understand the impact of engineering 
solutions in a global, economic, environmental, and societal context    
i) A recognition of the need for, and an ability to engage in life-long learning 
j) A knowledge of contemporary issues, and 
k) An ability to use the techniques, skills, and modern engineering tools 
necessary for engineering practice (ABET, 2011).” 
These 11 outcomes outlined by ABET are a great foundation, but educating engineers 
who are truly capable of designing solutions for the pressing issues of sustainable 
development will require greater detail and more innovative thinking. When prescribing a 
vision for the future of engineering education, Rugarcia, Felder, Woods and Stice, 
 25 
outlined 7 skills that engineers would need to address the complexity of future 
challenges: “(1) independent, interdependent and lifetime learning skills; (2) problem 
solving, critical thinking, and creative thinking skills; (3) interpersonal and teamwork 
skills; (4) communication skills; (5) self-assessment skills; (6) integrative and global 
thinking skills, and (7) change management skills (Rugarcia, Felder, Woods and Stice, 
2000).” In their paper, The Future of Engineering Education I: A Vision for a New 
Century, the authors went on to describe the paradox of the traditional engineering 
educational paradigm and the need for a new one eloquently: 
“The image of the isolated engineer, working in solitary splendor on the design of 
a bridge or amplifier or distillation column, probably never was realistic. 
Engineering is by its nature a cooperative enterprise, done by teams of people 
with different backgrounds, abilities, and responsibilities. The skills associated 
with successful teamwork—listening, understanding others’ viewpoints, leading 
without dominating, delegating and accepting responsibility, and dealing with the 
interpersonal conflicts that inevitably arise—may be more vital to the success of a 
project than technical expertise. Being aware of others’ needs and taking them 
into consideration when making decisions—the essence of teamwork—is surely a 
prerequisite to functioning professionally and ethically, regardless of how these 
terms are interpreted, and is consequently a necessary condition for the fulfillment 
of EC 2000 Criterion (f)” (Rugarcia, Felder, Woods and Stice, 2000). 
Rugarcia et al. went on to underscore the importance of developing engineering students’ 
communication skills “that cross disciplines, cultures, and languages” (Rugarcia, Felder, 
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Woods and Stice, 2000). Engineers will need to communicate clearly and persuasively in 
both speaking and writing with fellow engineers and scientists, but also with other 
professionals, politicians, and the general public whom don’t always have technical 
training or engineering expertise. “Effective communication is a skill that can be taught, 
but doing so requires a conscious effort from those who design curricula” (Rugarcia, 
Felder, Woods and Stice, 2000). The need for new approaches to engineering education 
and for emphasis on communication, collaboration, and design thinking are clear. But 
what does a design-thinking look like and how does it relate to the holistic approach to 
design that future engineers will need to use to create a more sustainable future?  
The Institute of Civil Engineers (ICE) formed a task group to recommend a 
process by which sustainable development and holistic thinking could be implemented 
into engineering education. The ICE task force also alluded to the attitudes, skills, and 
knowledge engineering students would need to cultivate to become more holistic thinkers 
and designers. Their recommendations for student growth included: 
 Developing an awareness/attitude that takes approaches engineering problems in 
the context of environmental, economic and social issues. 
 Developing and refining skills in (a) working with complex problems, (b) 
teamwork and communication, and (c) evaluating potential design solutions. 
 Developing knowledge that is (a) broad and deep, (b) technical, (c) environmental, 
(d) social processes, (e) legal environment, (f) disciplined body of general 
knowledge (Jowit 2004).  
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In characterizing what the new sustainable and holistic design centered engineering 
learning process should look like, the ICE taskforce recommended it be (a) amenable to 
the use of case studies, (b) studio based, (c) issue driven, (d) process based, (e) team 
based, and (f) design/delivery focused (Jowit 2004). ICE’s recommendations align well 
with Felder et al.’s seven previously mentioned teaching methods for more effectively 
educating engineers of the future. Teaching engineers to think holistically and incorporate 
the constraints of sustainable development is the challenge that the nation’s engineering 
programs face (Davidson 2007). But before we can teach, we must first be clear about 
what we mean when we talk about design and design thinking. 
2.2. What Is Design & Design Thinking?   
Design means different things to different people. Some disciplines see design as 
art or aesthetic arrangement of materials, void of scientific or technical thinking. Still 
others choose to define design in a technically specific way. Consider the definition by 
several engineering researchers:  
“Engineering design is a systematic, intelligent process in which designers 
generate, evaluate, and specify concepts for devices, systems, or processes whose 
form and function achieve clients’ objectives or users’ needs while satisfying a 
specific set of constraints” (Dym, Agogino, Eris, Frey, and Leifer, 2005). 
While this definition of design is useful and descriptive, its specificity is also what limits 
in its applicability. Many students that graduate from an engineering program will go 
onto careers in different fields, perhaps designing in a broader context than what is 
defined by traditional engineering. Even if engineering students enter traditional 
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engineering careers, the complexity of the design challenges they face will require a 
broader approach to design. Engineering students must be trained to tackle design across 
multiple disciplines. 
 In a seminal paper on design theory and design thinking, Richard Buchanan 
begins to tackle the vast task of defining design in a broader interdisciplinary context. 
Buchanan essentially suggests that design is at the core of all human experiences and 
even extends into scientific inquiry:  
“There is no area of contemporary life where design—the plan, project or 
working hypothesis which constitutes the ‘intention’ in intentional operations—is 
not a significant factor in shaping human experience. Design even extends into 
the core of traditional scientific activities, where it is employed to cultivate the 
subject matters that are the focus of scientific curiosity,” (Buchanan, 1992).  
Design, according to Buchanan, is the conception and planning of the artificial. To 
describe and define design further, Buchanan invites readers to consider the “four broad 
areas in which design is explored throughout the world” by designers and by those who 
many not consider themselves designers (Buchanan, 1992). The four areas of design 
include: (1) symbolic and visual communications, (2) material objects, (3) activities and 
organized services, and (4) complex living, working, playing, and learning systems or 
environments (Buchanan, 1992).  
The design of symbolic and visual communications has traditionally included 
graphic design, typography, and scientific illustration but has since expanded to the 
exploration of “the problems of communicating information, ideas, and arguments 
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through a new synthesis of words and images,” (Buchanan, 1992). Material object design 
traditionally meant designing the form and visual appearance of common objects and 
products (clothing, tools, cars), but has expanded to include the design of the “physical, 
psychological, social, and cultural relationships between products and human beings,” 
(Buchanan 1992). The consideration of “logistics, or combining of physical resources, 
instruments, and human beings in efficient sequences and schedules to reach specified 
objectives” has traditionally defined the activities and organized services area of design 
(Buchanan, 1992). However this area now considers the connections and everyday 
experiences, exploring how “better design thinking can contribute to achieving an organic 
flow of experience in concrete situations” so that the experiences are more satisfying, 
meaningful, and intelligent (Buchanan, 1992).  
The final area of design, complex systems or environments for living, working, 
playing, and learning, analyzes the functions of parts of complex wholes and how they 
integrate into established hierarchies. It has traditionally included the design disciplines 
of engineering, architecture, and urban planning. But this area has expanded to explore 
“the role of design in sustaining, developing, and integrating human beings into broader 
ecological and cultural environments, shaping these environments when desirable and 
possible or adapting to them when necessary,” (Buchanan, 1992). While it is easy to see 
how certain disciplines fit into one of these four areas of design, Buchanan points out that 
these areas of design are interconnected and actually “places of invention shared by all 
designers.” Engineers, scientists, architects, planners, educators, writers, artists, 
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politicians must be comfortable moving in and out of each of these places of invention to 
design a more sustainable future. 
To design holistic solutions for the complex sustainable development issues we 
face today and will continue to face in the future, engineers must develop their design 
thinking abilities. Tim Brown’s definition of design thinking was selected for this study 
for its broad applicability. In an article for the Harvard Business Review, IDEO’s (an 
industry leader in design thinking) CEO, Brown summarized Buchanan’s work and 
defined design thinking this way:  
“Unaffordable or unavailable health care, billions of people trying to live on just a 
few dollars a day, energy usage that outpaces the planet’s ability to support it, 
education systems that fail many students, companies whose traditional markets 
are disrupted by new technologies or demographic shifts. These problems all have 
people at their heart. They require a human-centered, creative, iterative, and 
practical approach to finding the best ideas and ultimate solutions. Design 
thinking is just such an approach to innovation” (Brown, 2008). 
The problems of health care, poverty, energy, and education that Brown refers to in his 
definition are what are known in the design world as “wicked problems.” Wicked 
problems are ill defined, complex, and usually involve multiple stakeholders and decision 
makers with competing values (Buchanan, 1992). It is precisely these complex and 
confusing, or “wicked” design problems that engineers must be trained to face in the 
future.  
 31 
So design thinking requires a human-centered creative, iterative, and practical 
approach to problem solving, but what makes a design thinker a design thinker? Tim 
Brown described the “personality profile” of a design thinker—the traits or mindset that 
most design thinkers have (even if they aren’t technically working as designers). 
Characteristics to look for include empathy—they imagine the world from multiple 
perspectives, integrative thinking—they can analyze at a detailed and holistic level to 
develop novel solutions, optimism—they don’t back down from challenging problems, 
experimentalism—they ask questions and take new approaches to problem solving, and 
collaboration—they work with many different disciplines and often have experience in 
more than just one field (Brown, 2008).  
 Dym et al. characterized engineering design thinkers in a similar way, outlining 
the skills that are typically associated with good designers including “the ability to: 
tolerate ambiguity that shows up in viewing design as inquiry or as an iterative loop of 
divergent-convergent thinking; maintain sight of the big picture by including systems 
thinking and systems design; handle uncertainty; make decisions; think as part of a team 
in a social process; and think and communicate in the several languages of design” 
(Dym, Agogino, Eris, Frey, and Leifer, 2005). This engineering characterization of 
design thinkers overlaps substantially with Tim Brown’s characterization. What Brown 
refers to as integrative thinking, Dym et al. calls the ability to “maintain sight of the big 
picture.” Brown’s design thinking trait experimentalism is similar to handling uncertainty 
and tolerating ambiguity. Empathy, or the ability to imagine the world from multiple 
perspectives is analogous to being able to thinking as part of a team in a social process. 
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And finally collaboration is comparable to thinking and communicating in the several 
languages of design. For its elegance and broad applicability beyond the field of 
engineering, this study used Brown’s characterization of design thinkers as the 
framework for creating a design thinking scale.  
Design thinking— a human-centered, iterative, creative, and practical approach to 
problem solving—is precisely what industry, politicians, and engineering educators have 
been calling for in engineering education. We need engineers that are empathetic and 
optimistic systems thinkers, comfortable with ambiguity and working as part of a diverse 
team to tackle the wicked sustainability problems our society faces. How has engineering 
education prepared students for design in the past, and what might the future of design-
centric engineering education look like?  
2.3. The Past, Present and Future of Engineering Design Education 
It’s the promise of creative opportunity, design, and the real-world applications of 
engineering described in cornerstone courses that often convince students to remain on 
the rigorous path to an engineering degree (Dym, Agogino, Eris, Frey, and Leifer, 2005). 
However engineering educators and administrators too often fail to deliver on this 
promise later on in the engineering classroom. Despite significant evidence suggesting 
active learning is more effective, most engineering courses are lecture-based, with long 
problem sets, and little opportunity for discussion or hands-on experience (Rugarcia, 
Felder, Woods, and Stice, 2000). Of course, formal lecture-based courses and problem 
sets have a valuable place in engineering programs. Every class students take cannot be 
hands on, engage them in design, or utilize active learning techniques. Some subjects are 
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best learned through traditional methods. But as educators and administrators we can do 
better by our students and by our future to balance lecture with design.  
Fortunately, some engineering programs are working to find the balance and may 
offer insight. Olin College in Massachusetts has made huge strides in transforming 
engineering education. Olin administrators and faculty partnered with 30 students to 
redesign a new curriculum that emphasized business, teamwork, interdisciplinary design 
and communication skills. Active learning and student engagement is at the center of the 
Olin engineering experience, and students engage in real-world design throughout their 
entire academic career, culminating in a year-long senior design program called SCOPE 
(Senior Consulting Program for Engineering). Olin College has not only been a model of 
a transformative engineering program, but it has also been a modeled a collaborative 
process for designing a better engineering education. There is room for improvement, 
room for creatively integrating design experience across the engineering curriculum that 
emphasizes and builds on student’s skills as design thinkers, communicators, and 
collaborators. 
It’s easy to point out flaws in a system: more challenging to suggest solutions. 
Luckily when it comes to creating a more effective and engaging education several 
notable groups have suggested at least a few steps in the right direction, and grounded 
their suggestions in real-world observation and learning theory. In the Future of 
Engineering Education II: Teaching Methods That Work, Felder et al. made seven 
recommendations for addressing the deficiencies in engineering education were: “(1) 
formulate and publish clear instructional objectives, (2) establish relevance of course 
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material and teach inductively, (3) balance concrete and abstract information in every 
course, (4) promote active learning in the classroom, (5) use cooperative learning, (6) 
give challenging but fair tests, and (7) convey a sense of concern about student’s 
learning” (Felder, Woods, Stice, and Rugarcia, 2000).  
Felder et al. began their paper by underlining the importance of engineering 
instructors in defining and communicating clear instructional objectives. These learning 
objectives describe what students should know and be able to do as a result of the course, 
the unit, or the lesson. The authors recommended the learning objectives “cover a broad 
spectrum of complexity and difficulty” and suggested that educators aim to achieve both 
higher and lower levels of learning defined by Bloom’s Taxonomy (Felder, Woods, Stice, 
and Rugarcia, 2000).  Bloom’s Taxonomy, developed in 1956 (and revised in 2001) by an 
education committee chaired by Benjamin Bloom, classifies organizes student learning 
objectives. The three domains of learning are (1) cognitive, mental skills or knowledge, 
(2) affective, feelings, emotions, or attitude, and (3) psychomotor, manual or physical 
skills. The revised taxonomy, shown in Table 1, has shifted from nouns to verbs, but is 
still arranged in order of increasing complexity. 
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Table 1: Bloom’s Taxonomy 
Remembering: 
Recalling previously learned information 
Understanding:  
Demonstrating comprehension of facts by organizing, 
translating, comparing, interpreting, summarizing etc. 
Applying: 
Solving new problems with acquired knowledge. Using newly 
gained knowledge. 
Analyzing: 
Examining information and dissecting it into parts, 
relationships, and principles.  
Evaluating: 
Arguing, questioning, or selecting a decision or stance. 
Creating: 
Compiling and organizing information in a new or unique way. 
Proposing different solutions. 
 
Offering more design and studio-based courses in engineering education would 
integrate several levels of Bloom’s taxonomy—requiring students to apply their 
understanding of course material to analyze, evaluate, and create solutions to design 
problems. This research examines the design thinking traits of college freshman, their 
high school experiences, and their career aspirations. Understanding factors that might 
impact the major choice and career goals of design thinkers is essential to redesigning the 
engineering education paradigm to attract these diverse and collaborative thinkers—and 
design or studio-based courses may be the synergistic solution to a diverse and prepared 
engineering workforce.  
The future direction of engineering education must extend beyond creating better 
learning objectives for students; it must permeate structure of the classroom. In learner-
centered instruction several key shifts occur from traditional teacher-centered 
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instruction. Firstly, the responsibility for learning falls onto the student and power is 
shared between instructor and student. Another key change is the role of content in the 
learner-centered classroom—content is not the end of knowledge, but rather becomes a 
means to knowledge and discovery. Individual work is still part of the educational 
process, but the social context of learning is also valued. Leveraging the power of social 
interaction and social learning is often referred to as cooperative or collaborative 
learning. Felder et al. recommended engineering educators use cooperative learning in 
their classrooms to improve information retention, develop critical thinking and problem-
solving skills, increase motivation, improve communication skills, and improve the self-
esteem of students (Felder, Woods, Stice, and Rugarcia, 2000). Cooperative learning can 
take a variety of forms in the classroom: 
 Teachers make content and learning objectives relevant to student’s lives.  
 Students have the opportunity to choose their own topics or projects. 
 Group work and activities provide students the opportunities to not only work 
together but also learn from each other. 
 Students teach their classmates, 
The literature on the integration of sustainable development in education 
acknowledges a need for pedagogical innovations that provide interactive, experiential, 
transformative, and real-world learning (Steinemann, 2003; Rowe, 2007; Sipos, Battisti, 
and Grimm, 2008). In fact, Felder et al.’s fourth recommendation for engineering 
educators is “promoting active learning in the classroom” (Felder, Woods, Stice, and 
Rugarcia, 2000).  Active learning, a form of learner-centered instruction, broadly refers 
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to students engaging in activities (reading, writing, discussion, problem solving, etc.) that 
promote not only content mastery but also more complex cognitive skill development 
such as application, analysis, and synthesis. Active learning strategies often include class 
discussions, in-class demonstrations, question asking and answering by the teacher and 
the students, lab work, and group work.  
Problem-based learning (PBL) is another student-centered pedagogy in which 
students usually work collaboratively to solve open-ended problems and where 
instructors act as facilitators. PBL helps students develop competencies that are essential 
for sustainable design, some of which include the ability to: (a) adapt to and participate in 
change, (b) deal with problems and make reasoned decisions in unfamiliar situations, (c) 
Reason critically and creatively, (d) adopt a more universal or holistic approach, (e) 
practice empathy, and appreciate others’ perspectives, and (f) collaborate productively in 
groups or teams (Engel 1998). Experiential learning is closely related with the goal of 
engaging students in the “doing” aspect of course material. They generally are hands-on 
experiences outside of the traditional classroom—strategies often include field trips, 
outdoor activities, and internships—but they can also take the form of design and lab-
based courses. In the past, experiential learning activities have been classified as either 
simulation or authentic involvement (Harrisberger et al. 1976). Simulated experiential 
learning is guided design that involves a problem contrived by the instructor. Many 
traditional engineering capstone and laboratory courses would be classified as a 
simulated experiential learning activity. Authentic involvement—activities that expose 
students to real world situations with open-ended projects—provides engineering 
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educators a unique opportunity to more effectively propel student’s design thinking 
abilities and skills needed to achieve more sustainable development. Real-world learning 
opportunities have been shown to help students increase their understanding of 
sustainability problems, and complement their problem-solving abilities (Brundiers, 
Wiek, and Redman 2010). 
Instructional strategies are only part of the engineering education puzzle. 
Technology is playing an increasingly larger role in education, and continues to be 
integrated into the classroom in innovative ways. Instructors are using clickers to keep 
students engaged and gather real time feedback, as well as computer simulations and 
online assignments to deepen student learning. Even social media, like Twitter, Pinterest, 
Facebook, Blogger, and Wordpress are finding their way into the classroom to create 
more active and dynamic learning environments. One study found on the use of Twitter 
in the classroom found that the social media site “can foster the combined knowledge 
creation of a group better than individuals’ diaries and discussion, because Twitter 
facilitates sharing of ideas beyond the classroom via an online platform that allows 
readily available access at random times to continue such discussion,” (Kassens-Noor, 
2012). The study’s findings built upon previous research to show that Twitter had a 
positive impact on student learning, because instantaneous peer-to- peer communication 
via Twitter enhanced understanding” of course material and promoted informal learning 
(Kassens-Noor, 2012). Of course technology alone is not enough to transform 
engineering education—but technology can be a tool for creating a more creative, 
collaborative, and engaging learning environment.  
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The learning theories, instructional strategies, and technological interventions 
described in this section served as the theoretical foundation for creating many of the 
pedagogical items on SaGE survey. The SaGE survey team wanted to know which 
instructional strategies students may have been exposed to during high school and 
whether those experiences correlated with choosing a major in engineering, developing 
an interest in sustainability, or becoming design thinkers. Beginning to conjecture which 
experiences impacted students with design thinking characteristics and their career goals 
can provide value insight and direction for recruiting and retaining a more diverse and 
resilient engineering workforce.  
2.4. Design Thinking in Engineering Feeds Two Birds With One Hand 
Engineers, policy makers, and educators must work to promote sustainable 
development both domestically and in the developing world to provide people with 
greater quality of life that respects social needs, makes economic sense, and restores 
environmental health. Before we can create a more sustainable future we must first 
recruit and educate a workforce eager and equipped to engage our society’s most pressing 
design problems head on. Recall Tim Brown’s earlier mentioned summarization of the 
challenge:  
“These problems all have people at their heart. They require a human-centered, 
creative, iterative, and practical approach to finding the best ideas and ultimate 
solutions. Design thinking is just such an approach to innovation” (Brown, 2008).  
Enhancing diversity in engineering and science could greatly shift the engineering design 
paradigm towards this more human-centered design approach, ultimately yielding more 
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innovative and synergistic solutions. Women, for example, are more likely to choose 
more human centered majors and professions, preferring to work with people (organic 
content), whereas men tend to pursue majors and professions that allow them to focus 
working on things (inorganic content) (Lubinski and Benbow, 2006).  
Resiliency in any system, natural or human, is generally reinforced by diversity. 
Biodiversity is nature’s insurance, safeguarding ecosystems from collapse due to shocks 
to their system. Diversity in the engineering workforce is a synergistic solution—filling 
the demand for more engineers while making the profession more capable, more resilient, 
and more innovative as a whole. In fact the findings of a study on diversity and team 
performance support the maximization of diversity of team members along six different 
factors including: gender, ethnicity, years of experience, technical discipline, Myers-
Briggs type, and distance from campus (Carrillo, 2002). Another found that engineering 
design teams consisting of members with a variety of viewpoints, complementary roles, a 
neutral manager, and a “wild card” increased the likelihood of a successful design 
outcome (Wilde, 2000).   But diversity in engineering education cannot just be about 
gender, race, or socioeconomic background. It must also encompass a diversity of 
mindsets, problem solving approaches, and life experiences that brings resourcefulness to 
the engineering design process. A rich diversity in the way engineers think and approach 
problems will only lead to more creative and unexpected solutions to our most pressing 
issues of energy, water, economic vitality, and climate change.  
 As mentioned earlier though in this report, the field of engineering is 
unfortunately anything but diverse, and the trends in student enrollment don’t offer much 
 41 
hope. In 1999 women made up less than 20% of undergraduate engineering population, 
and black students represented a meager 7% of engineering student population sounding 
off alarm bells that we are creating anything but a resilient engineering workforce 
(Engineering Workforce Commission (EWC), 2010). A decade’s time did little to 
improve the situation—only 17.9% (83,988) of the 468,139 enrolled full-time 
undergraduate students pursuing degrees in engineering were women, and only 5.4% 
(25,189) were black (EWC, 2010). How then can we begin to create a more resilient and 
diverse engineering workforce capable of holistic and collaborative design? We must 
begin by understanding whom the design-thinkers and collaborators are.  
 Even though the need for engineers skilled and capable in collaborative design 
has been widely recognized, little research has been conducted to characterize and 
understand the career goals and aspirations of students with early or natural propensities 
for collaboration and design thinking. This research intends to address this gap in 
knowledge. Tim Brown’s characterization of design thinkers served as the framework for 
developing and testing measures of design thinking and collaboration propensities 
amongst a nationally representative first year college student sample. The relationships 
between these propensities and other variables (e.g. gender, sustainability preferences, 
major choice, high school pedagogies) were explored. The hope is that the findings can 
inform academics and policy makers interested in broadening participation in engineering 
and creating a more resilient and innovative engineering workforce. 
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CHAPTER THREE 
METHODS: HOW WILL WE MEASURE DESIGN THINKING, AND HOW WILL 
WE KNOW DESIGN THINKERS ARE DIFFERENT? 
 This chapter explains the methods used to identify and measure design thinking 
propensities of college freshman, characterize design thinkers, and compare the career 
goals, engineering beliefs, and interests in sustainability of design thinkers and non-
design thinkers. The procedure for developing the SaGE survey and the statistical 
analysis tools used to analyze the data are also presented in this chapter. A summary of 
the research steps and methods described throughout this chapter is shown in Figure 1.  
 
Figure 1: Summary of Research Methods & Process 
3.1 The Survey Instrument 
The data used in this research was drawn from a subsection of the Sustainability 
and Gender in Engineering (SaGE) survey (available for download at 
http://www.clemson.edu/~gpotvin/SaGE.pdf). The SaGE survey is one prong of a two-
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prong approach to investigate methods for integrating sustainability into high school 
physical science classes in a manner that encourages women to become engaged 
members in the engineering disciplines. More specifically, the survey (funded by NSF 
GSE 1036617) aims to identify relationships between students' physical science 
experiences in high school related to sustainability, beliefs regarding engineers’ role in 
the pursuit of sustainability, and choice of college major. The survey employs a cross-
sectional approach, relying on the natural variation in students’ experiences and 
backgrounds across the U.S. 
The development of the national survey by the SaGE team began with generating 
several hypotheses about how exposure and interest in sustainability topics could 
influence students (especially females) to select a major in the field of engineering. A 
total of three short hypothesis surveys (comprised of approximately 5 multiple choice, 
and several open-ended questions) were administered to first-year engineering and non-
engineering students, as well as high school science and math teachers (via the National 
Science Teachers Association [NSTA] listserv).  These short surveys aimed to narrow 
down which high school experiences, pedagogies, and topics to include on the final 
survey as well clarify some of the wording and descriptions of sustainability topics. The 
responses to the three hypothesis surveys were statistically analyzed in R and the results 
were incorporated into a draft of the final survey.  
After several iterations of testing basic questions and wording, the research team 
collaboratively developed a sixteen-page draft of the survey. Questions were further 
refined based on feedback from assessors and the results of piloted questions in a 
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Clemson University first-year freshman-engineering course. The SaGE research team 
conducted an in-person pilot of the survey and a focus group was conducted with first-
year freshmen engineering students at Clemson University and Virginia Tech.  
The final version of the SaGE survey asked students to answer 47 questions 
across five main sections: (1) career goals, (2) high school experiences, (3) connection to 
sustainability, (4) general questions about identity, and (5) demographic information. The 
47 closed-end questions are made up of primarily Likert, Likert-type, numerical, multiple 
choice, and categorical items. Each item of the survey was examined for face and content 
validity. Measures of design thinking were taken from questions 22 and 24 of the survey.  
Questions 22 and 24 asked students “to what extent do you disagree or agree with the 
following:” (on a 5-point Likert scale“0 – Strongly disagree to 4 – Strongly agree”) 25 
items related to sustainability and whole systems design.  
A random-stratified sample of first year students attending two-year and four-year 
colleges and universities was used in the study. Sampling was achieved by taking a list of 
all colleges and universities in the United States from the National Center for Education 
Statistics (NCES) and categorizing them by institution type (two-year or four-year) and 
institution size (small, medium, or large). The randomly selected schools were 
categorized into these six different: 4-year large (23,051 or above), 4-year medium (7,751 
– 23, 050), 4-year small (7,750 or less), 2-year large (15,650 or above), 2-year medium 
(6,726 – 15,650), and 2-year small (6,725 or less). Each list was randomized and 
recruiters contacted schools on each list. The sample was also stratified to consider the 
influence of varying geographical regions by selecting colleges and universities 
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representing the Northeast, South, Midwest, and West coast regions. Schools were 
recruited to participate in the study by sending an initial recruiting email and following 
up with personal phone calls. A total of 50 schools (37 four-year and 13 two-year 
colleges and universities) participated in the survey, yielding a potential sample 
population of 16,552 students. A total of 41% (N=6,772) of the surveys distributed to 
these 50 institutions were received by the December deadline. Students came from 2,533 
different ZIP codes across the United States, and participating institutions also 
represented a wide swath of geographic regions. Figure 2 shows the geographic 
distribution of participating institutions. 
 
Figure 2: SaGE respondent distribution with dots indicating home zip codes for at 
least one respondent (Figure created using Wickham (2009) and Lewin-Koh & 
Bivan (2012))
Participating colleges and universities administered the survey to first year 
freshman students during their first-year general English course in the fall semester of 
2011. Students were expected to spend approximately 20 minutes completing the 
Scantron survey. Scantron sent the survey to the participating schools in three batches 
beginning in October, and responses to the survey were accepted until December of 2011. 
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Only responses to the survey received by December were included in the analysis, 
yielding a total student sample of 7,079. The SaGE study used a random sample to ensure 
a representative sample of females for the evaluation of gender-related themes. Studies 
relying on volunteer survey responses are sometimes prone to overrepresentation of 
females. Consider the 2007 National Survey of Student Engagement, which had a 65% of 
participation represented by females even though this group made up 56% of the sample 
population at participating institutions. In contrast, of those SaGE respondents reporting 
gender, 55% (n=3,041) identified as female and 45% (n=2,523) identified as male.  
Validity and reliability of the SaGE survey was tested in several ways. One of the 
major challenges in designing a survey instrument is addressing construct validity, which 
is whether or not the measures really assess the construct. To ensure content validity of 
the constructs, draft SaGE questions were developed based upon a review of the literature 
and responses to a preliminary hypothesis-generation survey given to first-year 
engineering (N=82) and non-engineering (N=41) students, and to high school science 
teachers (N=83) via the National Science Teachers’ Association listserv. Draft questions 
were further examined for face and content validity based on feedback from engineering 
educators as well as the results of pilot testing and focus groups among first-year 
engineering students at Clemson University and Virginia. Reliability was measured using 
a test-retest study to determine the stability of the survey responses over a period of two 
to three weeks.  
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3.2. Analyzing the Survey Results 
Survey responses were analyzed using the open source statistical analysis 
software R. R was chosen both for its power, manipulability, and affordability. The 
general formulas for the statistical tests used are given in addition to the general code for 
conducting the tests in R. The full R syntax used for statistical tests conducted is provided 
in Appendix B of this report.  
The data collected with the SaGE survey is non-parametric and at least ordinal in 
nature, although some statisticians have argued that the Likert scale used in the SaGE 
survey could be safely treated as interval level data. To exercise caution and reduce the 
likelihood of type I error conservative with the findings only tests appropriate for non-
parametric ordinal data were used to analyze the results. 
3.2.1. Selecting the Items for Design Thinking Scale  
A multi-pronged and iterative approach was used to select items for the design 
thinking scale. Items selected from the SaGE survey were developed using extensive 
literature reviews and an iterative review process to establish content and face validity. A 
series of exploratory factor analyses were conducted to refine an initial list of 18 potential 
items for the design thinking scale. The results of the factor analyses were cross-
compared with controlled linear regressions of the individual items against a series of 
variables including career goals, beliefs, attitudes, and actions about sustainability, and 
beliefs about engineering. The predictive ability of individual items was compared with 
the predictive ability of the items grouped together as the variable design thinking. 
Comparing the grouped and individual predictive ability of the items helped to identify 
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outlier or misfit items. Ultimately nine items were selected for inclusion in the design 
thinking scale.  
3.2.2. Potential Questions for Design Thinking Scale 
 The final nine design thinking measures were drawn from 18 items in questions 1, 
22 and 24 of the SaGE. The 18 items were selected as potential questions that could 
comprise a final set of design thinking measures grounded in the five characteristics of 
empathy, integrative thinking, optimism, experimentalism, and collaboration defined by 
design thinking expert Tim Brown of IDEO. Four items from question 1, which asked 
students to rate on a five-point Likert scale (“0 – Not at all important” to “4 – Very 
important”) “how important are the following factors for your future career satisfaction” 
were included in the list of potential design thinking measures. The four items from 
question 1 asked students “how important are the following factors or your career 
satisfaction: 
 Helping others 
 Working with people 
 Inventing/designing things 
 Solving societal problems.”  
Four items from question 22 of the SaGE survey were included in the initial list of 
potential design thinking measures. The four items included from Question 22 asked 
students to report on a scale of “0 – Strongly disagree to 4 – Strongly agree,” “to what 
extent do you disagree or agree with the following: 
 Environmental problems make the future look hopeless 
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 I can personally contribute to a sustainable future 
 Nothing I can do will make things better in other places on the planet 
 I think of myself as part of nature, not separate from it.” 
A total of 11 items from question 24 were included in the initial list of potential design 
thinking measures. Question 24 of the SaGE survey was developed specifically for this 
research project to better understand first year college students systems thinking and 
design-thinking beliefs and attitudes. The whole systems design framework (Blizzard and 
Klotz, 2012), which was based on an extensive review of design literature, served as the 
theoretical framework for developing question 24. The 11 items included from question 
24 asked students to report on a scale of “0 – Strongly disagree to 4 – Strongly agree,” 
“to what extent do you disagree or agree with the following:  
 I prefer to focus on details and leave the big picture to others 
 I hope to gain general knowledge across multiple fields 
 I often learn from my classmates 
 I prefer to focus on the big picture and leave the details to others 
 I identify relationships between topics from different courses 
 I analyze projects broadly to find a solution that will have the greatest impact 
 I seek input from those with a different perspective from me 
 I seek feedback and suggestions for personal improvement 
 When problem solving, I focus on the relationships between issues 
 When problem solving, I optimize each part of a project to produce the best 
result.” 
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3.2.3. Exploratory Factor Analysis to Refine Design Thinking Scale 
Factor analysis was used to narrow down this list of 18 potential design thinking 
measures. Factor Analysis is a compilation of methods used to examine how underlying 
constructs influence the responses on a number of measured items. A factor analysis is 
conducted by studying the pattern of correlations (or covariances) between the observed 
measures. Measures that are highly correlated (either positively or negatively) are likely 
influenced by the same underlying factors, while measures that are relatively uncorrelated 
are likely influenced by different factors (DeCoster, 1998). There are two primary types 
of factor analysis: (1) exploratory factor analysis (EFA), and (2) confirmatory factor 
analysis (CFA). Exploratory factor analysis tries to get at the nature of the constructs 
(factors) influencing a set of responses or observed measures, whereas confirmatory 
factor analysis tests whether a specified set of constructs (or factors) is influencing 
responses (or observed measures) in a predicted way. Typically a CFA is conducted after 
EFA to confirm the predicted relationships.  
Exploratory factor analysis aims to define: (1) the number of factors influencing a 
set of observed measures, and (2) the strength of the relationship between each factor and 
each observed measure. This type of analysis provides a factor structure (a grouping of 
items based on strong correlations). EFA is particularly useful for detecting "misfit" 
items and helps to prepare items to be used for cleaner structural equation modeling 
(SEM). Factor analysis is sometimes used in STEM research for developing new theories 
and hypothesis generation. A series of exploratory factor analyses was conducted to 
eliminate misfit items from the list of potential design thinking measures until a 
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statistically significant and logical factor structure emerged. The final factor structure 
comprised of 9 design thinking measures guided the subsequent statistical testing, 
modeling, and comparison of the data for this study. 
There are seven steps in conducting an exploratory factor analysis (DeCoster, 
1998). The first step is (1) data collection. Data should be normally distributed and 
sample size is also an important consideration—like any other statistical method, EFA is 
an error prone procedure, and therefore larger sample sizes are preferred. A study on best 
practices recommends a 20:1 subject-to-item ratio as a minimum, but this ratio is not 
typical for most data sets using EFA (Osborn, Costello, and Kellow, 2008). 
After data is collected, (2) obtain the correlation matrix. The correlation matrix 
is obtained by calculating the correlations between each pair of variables. Clusters 
present in the correlation matrix allow the data to be reduced into a smaller number of 
underlying variables or factors. Variables should be intercorrelated, but they shouldn’t 
correlate too high, otherwise it is difficult to tease the unique influence of the variables to 
a particular factor.  
Once a correlation matrix has been generated, the next step in an EFA is to (3) 
select the number of factors. The maximum number of factors that can be extracted is 
the number of measurements you have, i.e. if you have x measurements, you can extract 
at most x factors. The default method for selecting the number of factors to extract is the 
Kaiser criterion, but this method is also the least accurate alternative. The Kaiser criterion 
specifies that the number of factors extracted equals the number of the eigenvalues of the 
correlation matrix that are greater than one. 
 52 
Alternative methods of selecting the number of factors for extraction include: (1) 
the scree test, (2) Velicer’s minimum average partial (MAP) criteria, and (3) parallel 
analysis. The scree test involves examining the graph of eigenvalues and looking for the 
natural bend or “elbow” in the data where the slope of the curve changes. The number of 
data points above the break (the point at the break occurrence is not included) is usually 
the number of factors to retain. When points on the scree plot are clustered and in turn 
difficult to interpret, simply run multiple factor analysis and set the number of factors to 
retain manually. After rotating the factors, compare the item loading tables: the one with 
the factor structure that is most sensible (i.e. item loadings are greater than 0.30, there are 
no or few item cross loadings, and there are no factors with fewer than three items) has 
the best fit to the data (Rietveld and Van Hout, 1993).  
Rather than find a cutoff point for number of factors for extraction like the scree 
test, Velicer’s method seeks to find which components are common, and is proposed as a 
rule to find the best factor solution. Due to the way it is calculated, one of the properties 
of Velicer’s MAP method, is that it does not retain factors that have too few loadings; 
therefore when using this rule, “at least two variables will have high loadings on each 
retained component (or factor)” (Osborn, Costello, and Kellow, 2008). Parallel analysis 
involves performing the same analysis on random, uncorrelated data, which has been 
performed on observed data. The random data are generated under a null condition. 
Columns of observed data matrices can also be randomly permuted to simulate null 
structures. Parallel analysis is traditionally used for statistical inference in situations 
where sampling distributions are unknown or intractable. 
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After choosing the appropriate number of factors, the next step is (4) extracting 
the initial set of factors. There are many methods available to extract the initial set of 
factors from the correlation matrix. Principal components analysis (PCA) is often the 
default method of extraction in stats packages like SAS and SPSS but this method 
combines shared and unique variance. The best method of extraction, unless the data is 
significantly not normal is maximum likelihood (Osborn, Costello, and Kellow, 2008). 
This extraction technique finds the communality values that minimize the chi square 
goodness of fit test. The fm="ml" option provides a maximum likelihood solution 
following the procedures used in factanal but does not provide all the extra features of 
that function. 
 The next step in an EFA is (5) rotation of the factors for a final solution. Factors 
are rotated to simplify and clarify the data structure. It is worth noting that factor rotation 
cannot improve the basic aspects of the analysis. Essentially, factor rotation redistributes 
the variance that has been previously explained by the extracted factors. It helps to 
produce better fitting solutions that are more replicable across studies. There are two 
primary types of rotation: (1) orthogonal rotation which yields factors that are 
uncorrelated, and (2) oblique rotation which allows factors to correlate. Orthogonal 
rotation shifts the factors in the factor space maintaining 90-degree angles of the factors 
to one another to achieve the best simple structure. The most common orthogonal 
rotation, varimax rotation, cleans up the factors so that every observed variable has a 
large factor pattern or structure coefficient on only one of the factors. Orthogonal rotation 
is easier to interpret and therefore is usually the default choice by researchers. But 
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orthogonal rotation results in a loss of valuable information (and therefore 
generalizability) if the factors are really correlated, and oblique rotation should 
theoretically render a more accurate and reproducible solution (Osborn, Costello, and 
Kellow, 2008).  
An oblique rotation of factors provides correlations among the latent constructs, 
and rotates the factors so that the angles between the factors become greater or less than 
the 90 degree angle. One methods of oblique rotation, direct oblimin, is moderated by a 
researcher specified delta value, in which positive values of delta produce higher 
correlations between factors, and negative values of delta produce smaller correlations 
between factors. Another method of oblique rotation, promax, achieves the simplest 
factor structure given that the factors are allowed to be correlated with one another. 
Promax rotation occurs in three steps: (1) the matrix is rotated orthogonally, (2) a target 
matrix is produced by raising the factor pattern/structure coefficients to an exponent 
greater than 2 (usually 3 or 4), and a (3) Procrustean rotation of the original matrix to a 
best-fit rotation with the target matrix. For the purposes of this study, the oblique rotation 
methods, promax and direct oblimin, were used because we expected the factors, or 
characteristics of design thinking to correlate with each other.  
Rotation of factors produces factor loadings, which describe the strength of the 
linear relationship between the factors and the measured observations. The sixth step in 
exploratory factor analysis is (6) interpretation of the factor structure. Essentially factor 
loadings are standardized regression coefficients. To interpret the structure, the 
theoretical constructs that could cause the resulting positive and negative factor loadings 
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are considered. It is recommended that only factor loadings greater than 0.4 are 
interpreted (Rietveld and Van Hout, 1993), however factor loadings as low as 0.3 are 
acceptable. For this study we expected the factor structure of the design thinking 
measures to be based on the five design thinking characteristics of empathy, integrative 
thinking, experimentalism, optimism, and collaboration defined by Tim Brown.   
When further analysis is conducted with the data and preliminary factors 
produced by the EFA then (7) the factor scores must be constructed. Factor scores are 
linear combinations of all measured observations, weighted by a corresponding factor 
loading (Osborne, Costello, and Kellow 2008). Factor scores are useful in several ways as 
specified by Rietveld and Van Hout (1993): 
 Clustering factor scores in the factor space can be useful when trying to determine 
“whether groups or clusters of subjects can be distinguished that behave similarly 
in scoring on a test battery, [and] the latent, underlying variables are considered to 
be more fundamental than the original variables.” 
 The factor scores can be a solution to multi-collinearity problems in multiple 
regressions.  
 Factor scores can be useful in large experiments that contain several measures 
with the same subjects. 
Conducting an exploratory factor analysis in R for a given dataset in matrix 
format involves first finding the eigenvalues, running a parallel analysis test, and 
conducting a scree test to determine the number of factors to extract. To execute these 
steps the following syntax is used:  
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> ev <- eigen(cor(dataset)) # get eigenvalues 
> ap <- parallel(subject=nrow(dataset),var=ncol(dataset), 
rep=100,cent=.05) 
> nS <- nScree(ev$values, ap$eigen$qevpea) 
> plotnScree(nS) 
 After the number of factors for extraction has been chosen, maximum likelihood 
factor analysis can be conducted (with varimax or promax rotation), and the syntax in R 
is given by:  
 > fit <- factanal(dataset, 6, rotation="varimax") 
> print(fit, digits=2, cutoff=.3, sort=TRUE) 
In the R syntax, factanal is the function for factor analysis in R, 6 represents the number 
of factors, and the rotation is designated as varimax. The output provides factor loadings, 
variance, and tests of significance. Generally, factor loadings greater than 0.3 are 
considered significant in education research. This project will use EFA to determine 
which of the design thinking items (from questions 1, 22, and 24) are good and which 
performed poorly on the survey. EFA will also be used to look for underlying themes or 
factors in the design thinking items that performed well. Again, we expected the 
underlying factors to align closely with Tim Brown’s five characteristics of design 
thinking. To better understand how an EFA is conducted and interpreted let’s consider 
this example from the initial analysis of the 18 potential design thinking items. A scree-
test was used to determine the number of factors to for extraction and promax rotation 
was used to rotate the factors. The syntax used in the analysis was: 
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> ev <- eigen(cor(DesignThinkingAll)) 
> ap <- parallel(subject=nrow(DesignThinkingAll),var=ncol(DesignThinkingAll), 
rep=100,cent=.05) 
> nS <- nScree(ev$values, ap$eigen$qevpea) 
> plotnScree(nS)  
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Figure 3: Scree Plot for All Potential Design Thinking Items 
 
The scree plot shown in Figure 3 suggests that the number of factors to extract is nine 
based on the eigenvalues, or eight based on parallel analysis. But for the sake of 
examining whether the design thinking measures align with the five characteristics of 
design thinking let’s conduct a factor analysis of all 18 items setting the number of 
factors to extract at five.  
 
> factanal(DesignThinkingAll, 5, rotation = "promax") 
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The R output displayed the factor loadings and significance testing for the factor analysis: 
 
factanal(x = DesignThinkingAll, factors = 5, rotation = "promax") 
 
Uniquenesses: 
 [1] 0.589 0.426 0.627 0.897 0.893 0.540 0.430 0.490 0.633 0.758 0.690 0.609 0.468 
0.920 0.274 0.586 0.675 0.771 
 
Loadings: 
     
 
Factor1 Factor2 Factor3 Factor4 Factor5 
SaGE$Q1c 
  
0.648 
  SaGE$Q24h 0.858 
   
-0.137 
SaGE$Q22k 
 
0.649 
   SaGE$Q24a 0.145 
  
0.255 
 SaGE$Q24d 0.124 
  
0.23 0.11 
SaGE$Q24f 0.406 
   
0.357 
SaGE$Q24g 0.448 
   
0.439 
SaGE$Q24j 0.691 
    SaGE$Q24m 0.405 
   
0.26 
SaGE$Q1l -0.101 0.113 0.391 
 
0.191 
SaGE$Q22d -0.138 0.523 
 
0.274 -0.106 
SaGE$Q22e 
 
0.584 
 
-0.226 
 SaGE$Q22h 
 
-0.118 
 
0.74 
 SaGE$Q1g 
 
0.137 
  
0.184 
SaGE$Q24i 1.075 
   
-0.503 
SaGE$Q1f 
 
-0.135 0.688 
  SaGE$Q24b 0.408 0.151 
   SaGE$Q24c 0.427 
 
0.141 
  
      
 
Factor1 Factor2 Factor3 Factor4 Factor5 
SS loadings 3.32 1.134 1.085 0.815 0.775 
Proportion Var. 0.184 0.063 0.06 0.045 0.043 
Cumulative Var. 0.184 0.247 0.308 0.353 0.396 
      Factor Correlations: 
    
 
Factor1 Factor2 Factor3 Factor4 Factor5 
Factor1 1 0.00729 -0.3861 -0.663 -0.57 
Factor2 0.00729 1 0.0301 -0.115 -0.219 
Factor3 -0.38612 0.03011 1 0.303 0.349 
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Factor4 -0.66251 -0.11472 0.3032 1 0.534 
Factor5 -0.57007 -0.21871 0.3491 0.534 1 
      Test of the hypothesis that 5 factors are sufficient. 
  The chi square statistic is 844.86 on 73 degrees of freedom. 
  The p-value is 1.01e-131  
      
 
Generally when interpreting the factor loadings, we look for items with loadings 
of 0.3 or higher. For this particular EFA, factor one would include 24h— I seek input 
from those with a different perspective from me, 24f—I identify relationships between 
topics from different courses, 24g—I analyze projects broadly to find a solution that will 
have the greatest impact, 24j— When problem solving, I focus on the relationships 
between issues, 24m—When problem solving, I optimize each part of the project to 
produce the best result, 24i—I seek feedback and suggestions for person improvement, 
24b—I hope to gain general knowledge across multiple fields, and 24c—I often learn 
from my classmates. Factor 2 includes Q22k—I think of myself as part of nature, not 
separate from it, Q22d—Environmental problems make the future look hopeless, and 
Q22e—I can personally contribute to a sustainable future. Factor 3 includes Q1c—
Helping others, Q1l—Solving societal problems, and Q1f—Working with people. Factor 
4 is comprised only of Q22h—Nothing I can do will make things better in other places on 
the planet. Question 24i—I seek feedback and suggestions for person improvement, 
loaded again as Factor 5. Two items, Q24a—I prefer to focus on details and leave the big 
picture to others, and Q24d—I prefer to focus on the big picture and leave the details to 
others didn’t load at all in this EFA.  
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From this EFA we can continue to refine the factor structure by omitting items 
that may be outliers (items that loaded alone, or items that didn’t load), changing the 
number of factors, or changing the rotation. Once a sensible factor structure emerges we 
can begin to hypothesize what underlying factors cause the items to group. It is important 
to note that the p-value for this factor structure is extremely small, p-value = 1.01e-131, 
which means that a structure consisting of five factors is too small and does not capture 
the full dimension of the dataset, thus we would reject this structure. Contrary to many 
other statistical analyses, in factor analysis you want a high p-value to accept the factor 
structure. For this EFA it appears that many items loaded according to their general 
survey grouping, items from question 24 grouped together, items from question 1 
grouped together, and items from question 22 grouped together. Eliminating several 
questions could result in a better factor structure. The process for eliminating items from 
the design thinking scale was iterative and continued until a statistically significant factor 
structure grouped around five factors was found.   
3.2.4. Linear Regression to Compliment the Exploratory Factor Analysis 
To reinforce the findings of the factor analysis when the design thinking items 
had been whittled to ten items a series of linear regressions was conducted to compare the 
predictive ability of the ten items grouped together into a variable called design thinking, 
and individually with students career goals, interest in sustainability, and beliefs about 
engineering. The regressions considered the impact of a variety of control variables 
including socioeconomic status, academic achievement/ability, race, gender, citizenship, 
and whether English was the primary language spoken when appropriate. From the cross 
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comparison of regressions of each of the ten design thinking items with the career goal, 
sustainability, and engineering variables it became evident that one item still did not fit 
with the measures by its lack of predictive ability for many variables. Therefore the 
design thinking scale was reduced to nine items and a final EFA was conducted resulting 
in a statistically significant factor structure comprised of 5 factors (the expected design 
thinking characteristics described by Tim Brown). With this refined group nine items 
measuring design thinking attitudes/beliefs a scoring system was established to begin 
characterizing design thinkers and compare them with other groups of interest.  
Linear regression aims to model the relationship between a scalar dependent 
variable (y) and one or multiple explanatory variables (x). Linear regression models can 
predict or forecast an expected outcome based upon observed data. A simple linear 
regression model describes the relationship between two variables, x and y, with a given 
error  and can be expressed by the formula:  
 
Observed data are used to fit a model of the relationship between x and y, and regression 
analysis determines the best estimate for 0 and i. This research uses multiple linear 
regression analysis to see if we can predict the major choice of students exhibiting a 
design thinking mindset. The formula for a multiple linear regression relating variables y, 
u, v, and w is given by:  
 
The variables u, v, and w are predictors of the response variable y (Teetor and Loukides, 
2011). The multiple correlation coefficient, symbolized by R, represents the overall 
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correlation of the predictors with the response variable. The larger the R value, the better 
the fit between the observed y and the predicted yi. R
2
 represents the proportion of 
variance in the response variable that is accounted for by the sum of the predictor 
variables, and can be used to check for significance of fit (Coolican, 2009). To check for 
significance an F statistic is calculated, where F is given by:  
  
Where N is the number of observations, v1 is the number of predictors, and v2 is (N – v1 – 
1). The effect size for multiple regression is estimated using the formula:  
  
This research will use multiple linear regression modeling to explore possible 
predictors for design thinking traits in students. The syntax for conducting a multiple 
linear regression where y is the dependent variable and u, v, and w are the predictors is 
given by:  
> lm(y ~ u + v + w)  
The output provides coefficients of the fitted model. To determine the regression 
statistics for a linear model in R simply save the regression model as a variable, using this 
syntax: 
> m <- lm(y ~ u + v + w) 
After saving the model as a variable the function, summary(m), will output the R
2
, F 
statistic, and the residual standard error (Teetor and Loukides, 2011). Linear regression 
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modeling was used to supplement the exploratory factor analysis of the design thinking 
scale and examine the predictive relationships between students’ career goals, beliefs 
about sustainability, beliefs about engineering, and their score on the design thinking 
scale. Consider this example of investigating the predictive ability of student’s career 
goals with their scores on the design thinking scale. The syntax used was: 
> model <- lm(DesignThinkingV7 ~ SaGEClean$Q41e + SaGEClean$Q43c + 
SaGEClean$AI + SaGEClean$Q1a + SaGEClean$Q1b + SaGEClean$Q1c + 
SaGEClean$Q1d + SaGEClean$Q1e + SaGEClean$Q1f  +  SaGEClean$Q1g  + 
SaGEClean$Q1h + SaGEClean$Q1i + SaGEClean$Q1j + SaGEClean$Q1k + 
SaGEClean$Q1l + SaGEClean$Q1m + SaGEClean$Q1n + SaGEClean$Q1o + 
SaGEClean$Q4a + SaGEClean$Q4b + SaGEClean$Q4c + SaGEClean$Q4d + 
SaGEClean$Q4h + SaGEClean$Q4i + SaGEClean$Q4j + SaGEClean$Q3a + 
SaGEClean$Q3c + SaGEClean$Q3g  + SaGEClean$Q3k + SaGEClean$Q3m) 
> summary(model) 
The R output for this linear regression model including, the adjusted R
2
 and F-statistic is 
shown below: 
Residuals: 
     
Min 1Q Median 3Q Max 
 
-23.8771 -2.8801 0.1768 3.0197 15.7799 
 
      
Coefficients: 
     
 
Estimate 
Std. 
Error 
t-value p-value Significance 
(Intercept) 7.45711 0.82346 9.056 < 2e-16 *** 
SaGEClean$Q41e 0.26727 0.22201 1.204 0.228733 n/s 
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SaGEClean$Q43c 0.22378 0.26718 0.838 0.402337 n/s 
SaGEClean$AI 2.02779 0.4867 4.166 3.18E-05 *** 
SaGEClean$Q1a -0.25081 0.11607 -2.161 0.030779 * 
SaGEClean$Q1c 0.56765 0.1165 4.872 1.16E-06 *** 
SaGEClean$Q1d -0.35888 0.08456 -4.244 2.26E-05 *** 
SaGEClean$Q1e 0.56304 0.13009 4.328 1.55E-05 *** 
SaGEClean$Q1g 0.27255 0.08016 3.4 0.000681 *** 
SaGEClean$Q1h 0.88346 0.0982 8.996 < 2e-16 *** 
SaGEClean$Q1j -0.59454 0.08352 -7.119 1.33E-12 *** 
SaGEClean$Q1k 0.36354 0.10398 3.496 0.000478 *** 
SaGEClean$Q1l 0.37687 0.08715 4.325 1.57E-05 *** 
SaGEClean$Q1m 0.75233 0.1315 5.721 1.15E-08 *** 
SaGEClean$Q1o 0.27179 0.08045 3.378 0.000737 *** 
SaGEClean$Q4a 0.42902 0.25025 1.714 0.086557 . 
SaGEClean$Q4b 0.32283 0.20729 1.557 0.119472 n/s 
SaGEClean$Q4c 0.39734 0.22427 1.772 0.076544 . 
SaGEClean$Q4d 1.10967 0.40543 2.737 0.006234 ** 
SaGEClean$Q4h 1.02584 0.18349 5.591 2.45E-08 *** 
SaGEClean$Q4i 0.52704 0.22623 2.33 0.019884 * 
SaGEClean$Q4j 0.56041 0.33326 1.682 0.092738 . 
SaGEClean$Q3a -0.0849 0.07681 -1.105 0.269133 n/s 
SaGEClean$Q3c 0.1727 0.09897 1.745 0.081085 . 
SaGEClean$Q3g 0.32181 0.11119 2.894 0.003826 ** 
SaGEClean$Q3k -0.37149 0.12207 -3.043 0.002359 ** 
SaGEClean$Q3m 0.3122 0.13005 2.401 0.016427 * 
--- 
     
Signif. codes: 
0.001 
*** 
0.01 ** 0.05 * 0.1 . 
 
      
Residual standard error: 4.786 on 3242 degrees of freedom 
 
(1018 observations deleted due to missingness) 
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Multiple R-squared: 
0.2353, Adjusted R-squared: 0.2291  
  
F-statistic: 38.36 on 26 and 3242 DF,  p-value: < 2.2e-16  
  
The estimates are i from the original equation, and are essentially the slopes of the linear 
regression model for the corresponding variables. Negative estimates indicate a negative 
relationship with design thinking. From this example we can infer that making money 
(SaGEClean$Q1a), supervising others (SaGEClean$Q1d), and having an easy job 
(SaGEClean$Q1j) are just a few career factors that are negatively predictive of design 
thinking. However the significance for making money is only “*” or is significant for  
equal to 0.05. Therefore, making money may be removed from the model to avoid type I 
error.  The adjusted R-squared value of 0.2291 indicates that the current model accounts 
for approximately 23% of the variance. Again, multiple linear regression modeling was 
used in this study to examine the predictive ability of each individual measure in the 
design thinking scale, the predictive ability of the design thinking scale as a whole, and 
the relationships between a combination of career goals, sustainability beliefs, and 
engineering beliefs and design thinking.  
3.2.5. Internal Consistency of Design Thinking Scale 
Cronbach’s alpha is often used to measure the internal consistency of a scale, 
indicating whether the scale measures a single latent construct. Latent constructs are 
constructs or variables that cannot be directly observed, but are instead inferred from 
other variables that can be directly measured. For this study, Cronbach’s alpha () was 
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calculated for the final nine design thinking measures to determine if the design thinking 
measuring a unified latent construct of design thinking. Cronbach’s alpha is given by:  
 
For this equation K represents the number of items or components, 2x represents the 
variance of the observed total test scores, and 2y is the variance of component I for the 
current sample or people. The value of Cronbach’s alpha can range from 0 to 1, where a 
larger alpha indicates greater internal consistency of items in a scale. Typically an alpha 
greater than or equal to 0.7 is considered acceptable. The R syntax used to find the 
Cronbach’s alpha of the design thinking scale is given by:  
> alpha.cronbach(DesignThinkingV7) 
3.3. Refining the Data Set for Further Analysis 
 After the nine items comprising the design thinking scale were identified only 
students responding to questions 22 and 24 were included in the analysis. These students 
were eliminated to eliminate the threat of non-response to skewing the distribution of 
design thinking scores. Students that did not answer some or all of the items in question 
22 and 24 were removed from the data set resulting in a new sample size of 4,287 
students. Question 40 of the SaGE survey asked students “what is your gender?” with the 
option of selecting “Female” or “Male.” Of the original 6,772 participants 5,564 students 
answered the question resulting in a sample population of approximately 55% females 
and 45% males. For the refined data set the proportions remained constant: 45% were 
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male (N=1,755) and 55% were female (N=2,147).  
To categorize survey participants as engineers or non-engineers Question 3 on the 
SaGE survey, which asked respondents to: “Please rate the current likelihood of your 
choosing a career in the following:” Responses were supplied on a five-point Likert-scale 
ranging from “0 - Not at all likely” to “4 - Extremely likely”. Students had the option to 
choose from a variety of STEM disciplines of which the following were designated 
engineering: Bio-engineering, Chemical engineering, Materials engineering, Civil 
engineering, Industrial/Systems engineering, Mechanical engineering, Environmental 
engineering, and Electrical/Computer engineering. Only students who selected “4-
Extremely Likely” for one or more of these questions made up the population of 
engineers, the remaining respondents were categorized as non-engineers. Of the original 
6,772 respondents to the SaGE survey, 12% (n=814) reported that they are extremely 
likely to pursue a career in at least one of the engineering disciplines. The percentage was 
lower for females (5%, n=161) than it was for males (20%, n=510) and for those not 
reporting gender (12%, n=143) as expected. Of the 814 respondents to the SaGE survey 
that selected extremely likely for one or more of the engineering disciplines, 
approximately 19.8% (n=161) were female, 62.7% (n=510) were male, and 17.5% 
(n=143) did not report gender. For the refined data set (N=4,287), approximately 12% 
(N=533) were classified as engineers (N=3,754) and 88% as non-engineers. Of the 533 
engineering students, 75% (N=359) were male and 25% (N=118) were female.  
A major objective of this research was to characterize design thinkers and 
compare them with non-design thinkers across several variables (career goals, 
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sustainability beliefs and actions, and engineering beliefs). To delineate design thinkers 
from non-design thinkers their response the nine design thinking items from questions 22 
and 24 were examined. Design thinking scores were calculated by summing their 
responses to positive design thinking items and subtracting their responses to the non-
design thinking items. Students scoring in the top and bottom quartiles were considered 
the design thinkers and non-design thinkers respectively. Eight of the nine design 
thinking items were positive measures of design thinking, and only one was a negative 
measure of design thinking. Therefore the highest possible score a student could receive 
on the design thinking scale was 32, and the lowest score was -4. In total there were 
1,325 students classified as design thinkers, and 1,174 students classified as non-design 
thinkers for this study. A summary of the number and percentage of key groups for the 
refined sample is shown in Table 2. 
Table 2: Summary of Key Groups 
  
Entire 
Sample 
Engineers 
Non 
Engineers 
Male Female 
Male 
Engin. 
Female 
Engin. 
Sample Size     
Total N  4287 533 3754 1755 2147 359 118 
Design Thinkers             
N 1325 217 1108 508 690 140 55 
% 31% 41% 30% 29% 32% 39% 47% 
Non Design Thinkers           
N 1174 116 1058 529 540 86 20 
% 27% 22% 28% 30% 25% 24% 17% 
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3.4. Characterizing & Comparing Design Thinkers 
For the purposes of this study data analysis was limited to questions related to 
student demographics and academic backgrounds (questions 5, 30, 31, 40, 41, 42, 43, 44, 
and an academic performance index calculated from a variety of academic performance 
indicators); career goals (questions 1, 3, and 4); beliefs, attitudes, and actions about 
sustainability (questions 22 and 23); and beliefs about engineering (question 28). 
Focusing analysis on these questions allowed for a deeper exploration and understanding 
of who design thinkers are, and how they compare to non-design thinkers.  
General—or summary—statistics including mean, median, standard deviation, 
counts, percentages, and quartiles were calculated for design thinkers and non-design 
thinkers’ responses to design thinking, demographic, career goals, beliefs about 
sustainability, and beliefs about engineering questions. The sample mean is the average 
score for a given sample, calculated by summing the score and dividing by the number of 
respondents. However the mean does not necessarily describe the typical response to an 
item especially when outliers are present. The median is the middle score or response to a 
survey item and is better at describing a typical value. The standard deviation or variance 
measures describe the spread of the responses. These basic statistics formed the core of 
the characterization of design thinkers. 
3.4.1. Comparing Groups with Mann-Whitney U-Tests 
The Mann-Whitney test is a non-parametric statistical analysis test for 
determining whether a significant difference between one or two samples of independent 
observations exists. The test allows for an unknown or unequal distance between points 
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on a scale measurement but requires the responses be able to be ranked. The test assumes 
the following: 
 All observations from both groups are independent of each other. 
 The data are measured are at least ordinal, but do not need to be normally 
distributed (Coolican, 2009).  
Employing the Mann-Whitney test is advantageous because of its robustness—it is less 
sensitive to outliers in the data than the standard t-test. The null hypothesis (H0) for the 
Mann-Whitney test states that the two populations from which scores are sampled are 
identical. The following formulas are used to calculate the U statistic: 
 
Ra is the sum of ranks for group A and Rb is the sum of ranks for group B, and Na and Nb 
are the number of observations in groups A and B respectively. The smaller of the two 
values Ua or Ub are used as the observed U when testing for significance. To calculate the 
effect size the following formula is used: 
  
In the formula for z, t accounts for tied scores (where each time a tied value is found you 
count up the number of times that value occurs and that is equal to t, summing each tied 
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value present), and N is equal to Na + Nb (Coolican, 2009).  If there are no tied values 
than (t
3
-t)/12 is just ignored.   
 This research will use the Mann-Whitney test to compare design thinkers and 
non-design thinkers across career goals, beliefs and attitudes about sustainability, and 
beliefs about engineering. To conduct the Mann-Whitney test in R the following syntax is 
used where y is numeric and A is a binary factor (like gender): 
> wilcox.test(y~A) 
When both variables are numeric values the syntax for the Mann-Whitney test becomes 
(Teetor and Loukides, 2011): 
> wilcox.test(y,x) 
For example consider this preliminary analysis of females’ vs. males’ response to 
Question 24, Item e—I hope to develop my expertise in one specific field. The syntax 
used was: 
> Wilcox.test(Females$Q24e, Males$Q24e) 
And the output from R was: 
Wilcoxon rank sum test with continuity correction 
Data: Females$Q24e and Males$Q24e 
W = 3307884, p-value = 1.872e-05 
Alternative hypothesis: true location shift is not equal to 0 
This analysis shows that there was a statistically significant difference between males and 
females in response to developing their own expertise in one specific field. Further 
investigation to determine the mean and median response for each group revealed that 
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females preferred to develop their expertise in one particular field more so than males. 
Interestingly when the same preliminary test was run for question 24, Item h—I seek 
input from those with a different perspective from me there was another statistically 
significant difference between males and females (p-value = 0.01331<0.05). Female 
students rated themselves as more likely to seek input from those with a different 
perspective than their male counterparts. This could suggest that females exhibit more 
collaborative design-thinking characteristics then males.  
3.4.2. Comparing Groups with Chi-Squared Tests 
  Chi-squared testing is used to compare groups when the data cannot be ranked or 
ordered, but can be counted or categorized. The chi-squared test assumes that random 
sampling is used, the sample size is sufficient, and the observations are independent. This 
study employed the chi-squared test to compare design thinkers with non-design thinkers 
on dichotomous variables like question 4 of the SaGE Survey which asked students 
which topics they hoped to address directly with their careers. The chi-squared test 
statistic is given by:  
 
Where X2 is Pearson’s cumulative test statistic, Oi is an observed frequency, Ei an 
expected frequency, and n represents the number of cells. The test statistic (X2) is 
compared with the chi-squared distribution to calculate a p-value. In R, the following 
syntax is used to conduct a chi-squared test:  
> chisq.test(y, x) 
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For example, consider the comparison of design thinkers and non-design thinkers (given 
by the dichotomous variable ‘designthinking’) response to question 4a (given by 
SaGEClean$Q4a) which asks students about whether they wish to directly address energy 
demand or supply with their career: 
> chisq.test(SaGEClean$Q4a,designthinking) 
The output from R yielded the following results:  
Pearson's Chi-squared test with Yates' continuity correction 
data:  SaGEClean$Q4a and designthinking  
X-squared = 35.242, df = 1, p-value = 2.912e-09 
Yates’ continuity correction is used to prevent overestimation of significance with small 
data sets. With a p-value of 2.912e-09 <0.05, it is safe to reject the null hypothesis and 
accept that there is a statistically significant difference between design thinkers and non-
design thinkers desire to address energy demand or supply with their careers (design 
thinkers reported wanting to address energy more than non-design thinkers.  
3.5. Questions for Characterizing & Comparing Design Thinkers  
Demographic and academic ability questions were used to both characterize and 
identify potential control variables for subsequent linear regression analysis. Question 41 
asked students “with which racial group(s) do you identify? Mark ALL that apply.” 
Students could select from: African-American or Black, South Asian (e.g. Indian, 
Pakistani, Bangladeshi, Sri Lankan, etc.), Other Asian, American Indian or Alaskan 
Native, Caucasian or White, East Asian (e.g. Chinese, Korean, Japanese, etc.), Native 
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Hawaiian or Pacific Islander, or Other (with a space to write in). Question 43 asked 
students “please indicate if you are of Hispanic origin,” with the option of “yes” or “no.” 
3.5.1. Career Goals 
 Questions 1, 3 and 4 of the SaGE survey asked students about their career 
motivations, goals, and aspirations. Question 1 asked students to rate on a five-point 
Likert scale ranging from “0 – Not at all important” to “4 – Very important,” “how 
important are the following factors for your future career satisfaction:” 
 Making money 
 Becoming well known 
 Helping others 
 Supervising others 
 Having job security and opportunity 
 Working with people 
 Inventing/designing things 
 Developing new knowledge and skills 
 Having lots of personal and family time 
 Having an easy job 
 Being in an exciting environment 
 Solving societal problems  
 Making use of my talents and abilities 
 Doing hands-on work 
 Applying math and science 
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Question 3 on the SaGE survey, which asked respondents to rate on a five-point Likert-
scale (0 - Not at all likely” to “4 - Extremely likely) “the current likelihood of your 
choosing a career in the following: 
 Mathematics 
 Science/Math teacher 
 Environmental science 
 Biology 
 Physics 
 Chemistry 
 Bio-engineering 
 Chemical engineering 
 Materials engineering 
 Civil engineering 
 Industrial/systems engineering 
 Mechanical engineering 
 Environmental engineering 
 Electrical/computer engineering 
Question 4 asked students to mark all that apply for “which of these topics, if any, do you 
hope to directly address in your career: 
 Energy (supply or demand) 
 Disease 
 Poverty and distribution of wealth and resources 
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 Climate change 
 Terrorism and war 
 Water supply (e.g. shortages, pollution) 
 Food availability 
 Opportunities for future generations 
 Opportunities for women and/or minorities 
 Environmental degradation.” 
These 3 questions were regressed with students’ design thinking score. The linear 
regression models were used to estimate the predictive relationship between career goals 
and students’ design thinking scores.    
3.5.2. Sustainability Beliefs, Attitudes, & Behaviors 
Respondents were asked questions about their sustainability beliefs and attitudes. 
Question 22 of the SaGE survey asked students to rate the extent they disagreed or agreed 
with the following statements on an anchored five-point Likert scale ranging from 
“Strongly disagree” (0) to “Strongly agree” (4):  
 We can pursue sustainability without lowering our standard of living 
 Human ingenuity will ensure that we do not make the earth unlivable 
 I feel a responsibility to deal with environmental problems 
 Environmental problems make the future look hopeless 
 I can personally contribute to a sustainable future 
 Pursuit of sustainability will threaten jobs for people like me 
 Sustainable options typically cost more 
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 Nothing I can do will make things better in other places on the planet 
 I have the knowledge to understand most sustainability issues 
 Climate change is caused by humans 
 I think of myself as part of nature, not separate from it 
 We should be taking stronger actions to address climate change 
Question 23 of the SaGE survey asked students about their sustainability behaviors. 
Students were asked to rate on a 5-point Likert-scale ranging from “Not at all likely” (0) 
to “Extremely likely” (4), “How likely are you to do the following:” 
 Put on more clothes rather than turn up the heat when I’m cold.  
 Use less water when taking a shower or bath. 
 Evaluate the necessity of things I buy. 
 Consider the energy/carbon/ecological impact of my food choices. 
 Reuse bottles for water, coffee, or other drinks. 
 Choose public transportation, carpool, bicycle or walk as a means of 
transportation. 
 Buy a product because it is environmentally friendly. 
 Take sustainability related courses in my area of academic interest. 
 Contribute time or money to an environmental group. 
 Educate others about the importance of these or similar actions.  
3.5.3. Engineering Perceptions 
 To investigate student perceptions about engineering this research looked at 
survey responses to question 28, which asked students to rate on a five-point Likert scale 
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with options ranging from “0 - Not at all” to “4 - Very much so” in their opinion, “to 
what extent are the following associated with the field of engineering?” Students’ options 
included: 
 Creating economic growth 
 Preserving national security 
 Improving quality of life 
 Saving lives 
 Caring for communities 
 Protecting the environment 
 Including women as participants in the field 
 Including racial and ethnic minorities as participants in the field 
 Addressing societal concerns 
 Feeling a moral obligation to other people 
Student responses to these engineering belief questions were compared using Mann-
Whitney U tests and were also tested for predictive ability of design thinking using linear 
regression.  
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CHAPTER FOUR 
RESULTS: DESIGN THINKERS ARE DIFFERENT & MIGHT BE JUST WHAT 
ENGINEERING NEEDS 
This chapter reports the major findings of this research study. Ultimately nine 
items from the SaGE survey were included in the design thinking scale. The revised scale 
was used to classify students as design thinkers and non-design thinkers. Regression 
models were used to refine the design thinking scale and explore possible predictors of 
design thinking in first-year college freshman. Basic statistics were used to characterize 
design thinkers, and non-parametric tests were used to compare design thinkers with non-
design thinkers on variables related to their career goals, sustainability actions and 
beliefs, and beliefs about engineering.  
4.1. Creating the Design Thinking Scale 
The first steps in the study involved selecting and refining items for the design 
thinking scale. A series of exploratory factor analyses (EFA’s) was conducted to 
eliminate misfit items from the list of potential design thinking measures until a 
statistically significant and logical factor structure emerged. Initially eighteen items were 
considered for inclusion in the design thinking scale. The final factor structure shown in  
Table 3 was comprised of nine design thinking measures and guided the 
subsequent statistical testing, modeling, and comparison of the data for the remainder of 
the study. Carefully selecting and refining items with rigorous statistical methods lends 
additional validity and strength to the design thinking scale, making it a more usable 
measurement tool.  
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Table 3: Final Design Thinking Scale Items Based On EFA Results 
Design Thinking 
Characteristics 
Questions 
Feedback Seekers - they ask 
questions and look for input from 
others to make decisions and 
change directions. 
Q24h 
I seek input from those with a different 
perspective from me.  
Q24i 
I seek feedback and suggestions for 
personal improvement. 
Integrative Thinking - they can 
analyze at a detailed and holistic 
level to develop novel solutions. 
Q24g 
I analyze projects broadly to find a 
solution that will have the greatest 
impact. 
Q24f 
I identify relationships between topics 
from different courses. 
Optimism - they don't back 
down from challenging 
problems.  
Q22e 
I can personally contribute to a 
sustainable future. 
Q22h 
Nothing I can do will make things 
better in other places on the planet.  
Experimentalism - they ask 
questions and take new 
approaches to problem solving.  
Q24j 
When problem solving, I focus on the 
relationships between issues. 
Collaboration - they work with 
many different disciplines and 
often have experience in more 
than just one field.  
Q24b 
I hope to gain general knowledge 
across multiple fields. 
Q24c I often learn from my classmates.  
 This factor structure differed slightly from what the study initially thought would 
emerge, which is shown in Table 4. Initially we thought the design thinking scale would 
cluster around the five factors established by Tim Brown’s characterization of design 
thinkers. However the underlying constructs differed slightly from our initial 
expectations. Namely empathy didn’t exactly emerge from the exploratory factor 
analysis. Instead it appeared the underlying construct was likely seeking feedback. 
However the color key that is used in Table 4 corresponds to the remaining exploratory 
factor analyses and the complimentary linear regression.  
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Table 4: Design Thinking Scale Items Based On Expected Framework 
Design Thinking 
Characteristics 
Questions 
Empathy - they imagine the 
world from multiple perspectives. 
Q24h 
I seek input from those with a different 
perspective from me.  
Integrative Thinking - they can 
analyze at a detailed and holistic 
level to develop novel solutions. 
Q24f 
I identify relationships between topics 
from different courses. 
Q24g 
I analyze projects broadly to find a 
solution that will have the greatest 
impact. 
Q24j 
When problem solving, I focus on the 
relationships between issues. 
Optimism - they don't back down 
from challenging problems. 
Q22e 
I can personally contribute to a 
sustainable future. 
Q22h 
Nothing I can do will make things better 
in other places on the planet.  
Experimentalism - they ask 
questions and take new 
approaches to problem solving.  
Q24i 
I seek feedback and suggestions for 
personal improvement. 
Collaboration - they work with 
many different disciplines and 
often have experience in more 
than just one field.  
Q24b 
I hope to gain general knowledge across 
multiple fields. 
Q24c I often learn from my classmates.  
 
When interpreting the results of the exploratory factor analyses, loadings of 0.3 or 
higher were considered significant. Items were also allowed to load on more than one 
factor. The tables presented in section 4.1.1 are color-coded and correspond with the five 
characteristics of design thinking proposed by Tim Brown of IDEO in Table 3. Survey 
items included in the factor analyses were grouped by color according to the particular 
design thinking characteristics they were hypothesized to measure.  
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4.1.1. Exploratory Factor Analysis Results 
The results of the first EFA for the initial eighteen items of the design thinking 
scale are shown in Table 5. Initially, the theoretical framework for the design thinking 
scale was based on Tim Brown’s five characteristics of design thinkers, therefore five 
factors were specified for extraction in the EFA. Examination of the factor loadings 
shows that three of the eighteen items (Q24a, Q24d, Q1g) didn’t load at all (didn’t have a 
factor loading of 0.3 or higher for any of the five factors), suggesting that these items 
may have been misfits. The p-value for this initial exploratory factor analysis was also 
very small, indicating that this factor structure was not a good fit and that another EFA 
should be conducted. 
Based on the results of the first EFA, question 1g which asked students if career 
satisfaction depends on inventing and designing things was eliminated in the second EFA 
shown in Table 6. Therefore seventeen items were used in the analysis, five factors were 
specified, and promax rotation was used to clean up the factor structure. All of the items 
loaded to one of the five factors, but most of the items loaded to factor one, and many 
items loaded with their general question grouping (items from question 1 grouped 
together, items from question 24 grouped together, and items from question 22 grouped 
together). This clustering suggests that with so many items, the design thinking factors 
may not be able to overcome the underlying factor of particular questions being 
purposefully written together. The p-value also remained extremely small indicating the 
factor structure was not a good fit and another EFA should be conducted.  
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Table 5: Design Thinking Version 1.0 Exploratory Factor Analysis (5 Factors, 
Promax Rotation) Results 
 
Design Thinking Version 1.0 Exploratory Factor Analysis 
Item Questions 
5 Factors, Promax 
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
1 Q1c 
  
0.648 
  2 Q24h 0.858 
   
-0.137 
3 Q22k 
 
0.649 
   4 Q24a 0.145 
  
0.255 
 5 Q24d 0.124 
  
0.23 0.11 
6 Q24f 0.406 
   
0.357 
7 Q24g 0.448 
   
0.439 
8 Q24j 0.691 
    9 Q24m 0.405 
   
0.26 
10 Q1l -0.101 0.113 0.391 
 
0.191 
11 Q22d -0.138 0.523 
 
0.274 -0.106 
12 Q22e 
 
0.584 
 
-0.226 
 13 Q22h 
 
-0.118 
 
0.74 
 14 Q1g 
 
0.137 
  
0.184 
15 Q24i 1.075 
   
-0.503 
16 Q1f 
 
-0.135 0.688 
  17 Q24b 0.408 0.151 
   18 Q24c 0.427 
 
0.141 
  
P-Value 1.01E-131         
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Table 6: Design Thinking Version 1.1 Exploratory Factor Analysis (5 Factors, 
Promax Rotation) Results 
Design Thinking Version 1.1 Exploratory Factor Analysis 
Item Questions 
5 Factors, Promax 
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
1 Q1c 
 
0.756 
   2 Q24h 0.996 
   
0.209 
3 Q22k 0.118 
 
0.647 
  4 Q24a 0.358 
  
0.363 
 5 Q24d 0.439 
  
0.305 
 6 Q24f 0.851 
    7 Q24g 0.891 
    8 Q24j 0.93 
   
0.113 
9 Q24m 0.82 
    10 Q1l 
 
0.467 
   11 Q22d -0.179 
 
0.513 0.437 
 12 Q22e 0.23 
 
0.683 
  13 Q22h -0.186 
  
0.723 
 14 Q24i 1.088 
   
0.485 
15 Q1f 
 
0.709 
   16 Q24b 0.738 
    17 Q24c 0.688 
  
0.152 
 
P-Value 1.08E-167         
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Table 7: Design Thinking Version 1.2 Exploratory Factor Analysis (5 Factors, 
Promax Rotation) Results 
Design Thinking Version 1.2 Exploratory Factor Analysis 
Item Questions 
5 Factors, Promax 
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
1 Q24h 0.813 
   
0.183 
2 Q22k 
 
0.707 
   3 Q24a 0.15 
 
0.371 0.202 
 4 Q24d 0.316 
 
0.259 0.197 
 5 Q24f 0.767 
    6 Q24g 1.011 
 
-0.189 
  7 Q24j 0.839 
   
0.117 
8 Q24m 0.772 
    9 Q22d -0.133 0.591 
 
0.301 
 10 Q22e 0.113 0.793 
 
-0.162 
 11 Q22h 
   
0.833 
 12 Q24i 0.815 
   
0.453 
13 Q24b 0.4 0.122 0.443 -0.112 
 14 Q24c 0.171 
 
0.747 
  
P-Value 3.16E-38         
 
After examining the EFA results in Table 6, three items from question 1 were 
removed leaving fourteen items for inclusion in the third EFA shown in Table 7. Again 
five factors were specified and the factor structure was rotated using a promax rotation.  
The resulting factor structure did improve but the p-value was still quite small indicating 
the factor structure was not actually a good fit and another EFA should be conducted. 
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Table 8: Design Thinking Version 1.3 Exploratory Factor Analysis (5 Factors, 
Promax Rotation) Results 
Design Thinking Version 1.3 Exploratory Factor Analysis 
Item Questions 
5 Factors, Promax 
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
1 Q24h 0.794 
   
0.186 
2 Q24a 0.126 0.411 
 
0.203 
 3 Q24d 0.301 0.279 
 
0.192 
 4 Q24f 0.785 0.108 
   5 Q24g 1.043 -0.193 
   6 Q24j 0.834 
   
0.119 
7 Q24m 0.779 
    8 Q22d 
  
0.316 0.405 
 9 Q22e 
  
0.99 
  10 Q22h 
 
-0.133 -0.114 0.891 
 11 Q24i 0.762 
   
0.454 
12 Q24b 0.398 0.499 
 
-0.11 
 13 Q24c 0.137 0.804 
 
-0.103 
 
P-Value 4.27E-38         
 
In the fourth EFA question 22k, “I think of myself as part of nature, not separate 
from it,” was eliminated from the analysis because it loaded with items believed to be 
measuring optimism and didn’t seem to fit well with the design thinking framework. 
Subsequently the fourth factor analysis, shown in Table 8, included thirteen items for 
analysis. Again 5 factors were specified in the analysis and promax rotation was used to 
clean up the factor structure. Many of the items from question 24 continued to load 
together. This loading may have been due to the fact that the questions were purposely 
written for one section of the survey, making it difficult for other factors to overcome. 
Also questions 24a and 24d continued to load on the lower end of the acceptable range 
when compared with the other items. For these reasons and given the exceptionally small 
p-value, it was clear the final factor structure had yet to be reached. 
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Table 9: Design Thinking Version 1.4 Exploratory Factor Analysis (4 Factors, 
Promax Rotation) Results 
Design Thinking Version 1.3 Exploratory Factor Analysis 
Item Questions 
4 Factors, Promax 
Factor 1 Factor 2 Factor 3 Factor 4 
1 Q24h 0.793 0.141 
 
0.202 
2 Q24a 
 
0.578 
  3 Q24d 0.22 0.41 
  4 Q24f 0.732 0.16 
  5 Q24g 1.005 -0.147 
  6 Q24j 0.8 0.101 
 
0.123 
7 Q24m 0.724 0.137 
  8 Q22d 
 
-0.13 1.1 
 9 Q22e 0.386 0.132 0.27 
 10 Q22h -0.121 0.23 0.275 
 11 Q24i 0.814 0.123 
 
0.449 
12 Q24b 0.355 0.557 
  13 Q24c 0.105 0.81 
  
P-Value 9.12E-118       
 
To explore the impact of including fewer factors on the factor structure, the same 
thirteen items from the fourth factor analysis were used in the fifth factor analysis shown 
in Table 9. However, only four factors were specified this time. The results were not 
promising: two of the factors had only one item load to them. Two items, questions 24a, 
“I prefer to focus on details and leave the big picture to others,” and 24d, “I prefer to 
focus on the big picture and leave the details to others,” were intended to measure 
integrative thinking. However, they grouped with questions 24b, “I hope to gain general 
knowledge across multiple fields,” and 24c, “I often learn from my classmates,” which 
were written to measure collaboration. These findings suggested that questions 24a and 
24d should be dropped. Also the EFA’s p-value became even smaller, meaning the factor 
structure in Table 9 was rejected and subsequent EFA’s needed to be conducted. 
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Table 10: Design Thinking Version 1.4 Exploratory Factor Analysis (5 Factors, 
Promax Rotation) Results 
Design Thinking Version 1.4 Exploratory Factor Analysis 
Item Questions 
5 Factors, Promax 
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
1 Q24h 0.78 
   
0.192 
2 Q24f 0.789 
    3 Q24g 0.99 
  
-0.143 
 4 Q24j 0.805 
   
0.123 
5 Q24m 0.771 
    6 Q22d 
 
0.369 0.462 
  7 Q22e 
 
0.843 
   8 Q22h 
 
-0.173 0.699 
  9 Q24i 0.715 
   
0.471 
10 Q24b 0.472 
  
0.414 
 11 Q24c 0.35 
  
0.541 
 
P-Value 2.23E-25         
 
The results of earlier EFA’s suggested that questions 24a and 24d may not be a 
good fit for the expected five factor structure suggested by Tim Brown’s characteristics 
of design thinking and were subsequently dropped from further analysis. Table 10 shows 
the results of the sixth iteration of EFAs, which examined eleven items grouped around 
five factors and rotated using a promax rotation. While this factor structure was an 
improvement, most of the items continued to load on factor one and the p-value remained 
very small. The analysis was beginning to converge, but another EFA was needed.  
Question 24m, “When problem solving, I optimize each part of a project to 
produce the best result” was removed from the analysis to explore alternative factor 
structures. The resulting EFA shown in Table 11 included ten items and used promax 
rotation to clean up the factor structure. The p-value made a significant jump in the right 
direction but still remained too small to indicate that the factor structure was a good fit. 
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One interesting observation from the EFA was the opposite signs of the factor loadings 
for question 22e and 22h. To understand this, consider that both items 22e and 22h were 
measuring the same underlying factor (optimism).  Question 22e states “I can personally 
contribute to a sustainable future,” a positive indicator of optimism, whereas question 22h 
states “Nothing I can do will make things better in other places on the planet,” a negative 
indicator of optimism. It was encouraging to see this relationship shown in the factor 
structure.  
To explore the effect rotation had on the factor structure another EFA was 
conducted on the same ten items as shown in Table 11 using a different oblique rotation, 
termed oblimin, and the results are presented in Table 12. Much of the previous factor 
structure remained the same. Questions 22e and 22h still loaded on the same factor with 
opposite signs. Notice that the p-value remained the same despite slight changes in the 
factor loadings. The persistently small p-value indicated that additional iterations of 
EFA’s were needed. The next EFA analyzed the same ten items but considered a factor 
structure of four factors instead of five.  
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Table 11: Design Thinking Version 1.5 Exploratory Factor Analysis (5 Factors, 
Promax Rotation) Results 
Design Thinking Version 1.5 Exploratory Factor Analysis 
Item Questions 
5 Factors, Promax 
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
1 Q24h 0.305 0.369 0.176 
  
2 Q24f 0.532 -0.121 0.28 
  
3 Q24g 0.97 
 
-0.117 
  
4 Q24j 0.368 0.255 0.149 
  
5 Q22d 
   
0.747 0.161 
6 Q22e 
   
0.305 -0.385 
7 Q22h 
   
0.221 0.552 
8 Q24i 
 
0.968 
   
9 Q24b 
  
0.703 
  
10 Q24c -0.174 
 
0.706 
  
P-Value 3.35E-07         
 
Table 12: Design Thinking Version 1.5 Exploratory Factor Analysis (5 Factors, 
Oblimin Rotation) Results 
Design Thinking Version 1.5 Exploratory Factor Analysis 
Item Questions 
5 Factors, Oblimin 
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
1 Q24h 0.413 0.3 0.165 
  2 Q24f 
 
0.481 0.27 
  3 Q24g 
 
0.823 
   4 Q24j 0.308 0.348 0.149 
  5 Q22d 
   
0.733 
 6 Q22e 
 
0.102 0.104 0.281 0.432 
7 Q22h 
   
0.245 -0.478 
8 Q24i 0.935 
    9 Q24b 
  
0.594 
  10 Q24c 
  
0.578 
  
P-Value 3.35E-07         
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Table 13: Design Thinking Version 1.5 Exploratory Factor Analysis (4 Factors, 
Promax Rotation) Results 
Design Thinking Version 1.5 Exploratory Factor Analysis 
Item Questions 
4 Factors, Promax 
Factor 1 Factor 2 Factor 3 Factor 4 
1 Q24h 0.82 
   2 Q24f 0.532 
 
0.183 0.28 
3 Q24g 0.659 
 
-0.129 0.513 
4 Q24j 0.739 
  
0.136 
5 Q22d 
 
1.059 
  6 Q22e 0.309 0.25 0.225 
 7 Q22h 
 
0.332 
  8 Q24i 1.07 
  
-0.154 
9 Q24b 0.315 
 
0.644 
 10 Q24c 0.374 
 
0.556 -0.106 
P-Value 2.62E-21       
 
Table 13 shows the results of the EFA based on the same ten items in Table 11 
and Table 12 only this iteration grouped the items around four factors. The items 
intended to measure optimism, questions 22d, 22e, and 22h remained split between 
factors two and three, suggesting that eliminating one of these items might result in a 
better factor structure. The p-value for the analysis shown in Table 13 was significantly 
smaller than the p-value’s in the previous two EFA’s, indicating that a four-factor 
structure was in fact a worse fit than the previous five-factor structure. However, with 
each iteration of EFA’s, the p-values continued to grow larger, an indicator that the 
EFA’s are zeroing in on a more definitive design thinking scale. 
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Table 14: Design Thinking Version 1.6 Exploratory Factor Analysis (5 Factors, 
Promax Rotation) Results 
Design Thinking Version 1.6 Exploratory Factor Analysis 
Item Questions 
5 Factors, Promax 
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
1 Q24h 0.752 
  
0.156 
 2 Q24f 
  
0.308 0.418 
 3 Q24g 
   
0.813 
 4 Q24j 
 
0.959 
   5 Q22d 
  
0.154 
 
0.27 
6 Q22h 
    
0.788 
7 Q24i 0.655 0.107 0.107 
  8 Q24b 
  
0.682 
  9 Q24c 0.129 
 
0.584 -0.128 
 
P-Value 0.0288         
 
To determine which question, either 22e or 22d, to eliminate two more additional 
factor analyses were conducted and the results are shown in Table 14 and Table 15. As 
demonstrated in Table 14, eliminating question 22e resulted in a significant improvement 
in the factor structure and the p-value. However, even with a p-value of 0.0288 this factor 
structure could not be considered statistically significant. Interestingly, question 22d did 
not load with any factor, suggesting that it might be a misfit item for this factor structure. 
In the final EFA, shown in Table 15, question 22e was added back into the 
analysis and question 22d was removed. The resulting factor structure aligned closely 
with the proposed five characteristics of design thinkers outlined by Tim Brown, with 
only a few exceptions. The items believed to be measuring integrative thinking loaded 
along factors two and three, while items that may measure empathy (question 24h – “I 
seek input from those with a different opinion from me”) and experimentalism (question 
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24i – “I seek feedback and suggestions for personal improvement”) aligned along factor 
one. With a p-value of 0.0934 > 0.05, the factor structure in Table 15 could be accepted 
and its meaning could start to be interpreted.  
Table 15: Final Design Thinking Scale - Version 1.7 Exploratory Factor Analysis (5 
Factors, Oblimin Rotation) Results 
Design Thinking Version 1.7 Exploratory Factor Analysis 
Item Questions 
5 Factors, Oblimin 
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
1 Q24h 0.686 
 
0.165 
  2 Q24f 
 
0.106 0.381 0.286 
 3 Q24g 
  
0.838 
  4 Q24j 
 
0.991 
   5 Q22e 
  
0.119 0.198 -0.303 
6 Q22h 
    
0.427 
7 Q24i 0.766 
    8 Q24b 
   
0.583 
 9 Q24c 0.197     0.496   
P-Value 0.0934         
 
Factor one which included question 24h and 24i, could be grouped by the 
underlying theme of seeking feedback, which could related to Brown’s definition of 
empathy where people seek input from those with a different perspective then them. 
Question 24j, which stated “when problem solving, I focus on the relationships between 
issues,” was the only item aligning along factor two. The potential underlying construct 
could be problem solving or even experimentalism by Brown’s definition. Factor three 
included question 24f, “I identify relationships between topics from different courses,” 
and question 24g, “I analyze projects broadly to find a solution that will have the greatest 
impact.” A potential underlying construct could be analyzing projects broadly or using 
systems thinking, which relates closely with Tim Brown’s integrative thinking 
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characteristic of design thinking. The fourth factor, whose underlying construct appeared 
to be collaboration included questions 24b, “I hope to gain general knowledge across 
multiple fields” and 24c, “I often learn from my classmates.” The fifth and final factor 
included questions 22e, “I can personally contribute to a sustainable future” and 22h, 
“Nothing I can do will make things better in other places on the planet.” The fifth factor 
loading supported the original hypothesis that these items measure optimism, one of Tim 
Brown’s five characteristics of design thinkers. 
While these nine items are by no means a complete or final measurement of 
design thinking characteristics, they are a good starting point for the creation of a useful 
design thinking scale. This final nine-item factor structure was compared with the results 
of the linear regression analyses of each of the individual items and is presented in 
section 4.1.2. of this report. 
4.1.2. Results of Complimentary Linear Regression 
A series of linear regressions were conducted to compare the predictive ability of 
ten items from the SaGE survey grouped together into design thinking variable, with the 
predictive ability of the ten items taken individually for the following variables: students’ 
career goals, interest in sustainability, and beliefs about engineering. While exploratory 
factor analysis is a valuable data reduction tool, and can be useful for refining survey 
items and scales, it would be inappropriate to define a set of metrics solely on the results 
of the EFA. Typically conducting a confirmatory factor analysis (CFA) with a new 
sample would be used to further validate the EFA. Given the time constraints of this 
research project conducting a CFA would not be feasible. However comparing the EFA 
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results with regression analyses of the individual scale items can help identify misfit 
items, or items that are not individually predictive of design thinking. Other studies have 
used a similar methodology to refine psychological scales (Egede, 2010; Ray et al. 2006). 
The findings of these regression analyses augmented the EFA’s conducted earlier in the 
study and were used to select the final nine design thinking measures. A variety of 
control variables were accounted for in the regression analyses including: socioeconomic 
status, academic achievement/ability, race, gender, citizenship, and whether English was 
the primary language spoken when appropriate. Summaries of the regression analyses are 
organized in Tables 16-18.  
Each of the ten design thinking items was regressed against items measuring 
career goals, sustainability beliefs, and beliefs about engineering, and the appropriate 
control variables for each item. To determine which control variables to use in the 
regression analysis, the design thinking items were individually regressed with a list 
potential control variables (socioeconomic, gender, race, English language spoken). 
Control variables with a statistical significance of  “**“ (<0.01) or higher were included 
as controls in the subsequent regression analyses. Items that had statistically significant 
predictive ability of design thinking are highlighted in grey and bolded in Tables 16-18. 
From this cross comparison of regression analyses it became evident that one item, 
question 22d – “Environmental problems make the future look hopeless” still did not fit 
with the other design thinking measures. Question 22d had 79 questions that were not 
significant “n/s” in the regression analyses, more than two standard deviations away from 
the mean number of not significant items (61.7 or 62 items) for all ten design thinking 
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items. Given its stark contrast in predictive ability with the remaining nine design 
thinking items, question 22d was removed from the final design thinking scale. 
As can be seen from the results in Tables 16-18, many of the design thinking 
items had a predictive relationship with variables of interest from this study. The 
direction of the relationship (positively correlated or negatively correlated) also followed 
expectations. For example, question 22h – “Nothing I can do will make things better in 
other places on the planet,” negatively correlated with behaviors and beliefs we expected 
design thinkers to have like question 22l – “We should be taking stronger actions to 
address climate change.” 
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Table 16: Regression Comparison of Individual Design Thinking Scale Items for Career Goal Questions 
 
Significant Questions Regression Significance Level  
Question1 Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Q1a – Making Money (**) (*) n/s n/s ** n/s ** (**) n/s n/s 
Q1c – Helping Others *** * n/s n/s * *** (**) *** n/s *** 
Q1d – Supervising Others (**) (***) n/s n/s n/s n/s *** n/s (***) (*) 
Q1e – Job Security * *** n/s * n/s ** (***) ** * n/s 
Q1f – Working W/People n/s n/s n/s n/s (*) n/s n/s n/s n/s *** 
Q1g – Inventing/Designing 
Things 
* ** ** ** n/s ** n/s n/s *** * 
Q1h – New 
Knowledge/Skills 
*** *** *** *** n/s *** n/s *** *** ** 
Q1i – Family/Personal Time n/s n/s n/s n/s n/s n/s n/s n/s n/s *** 
Q1j – Easy Job (***) (*) (***) (***) *** (***) *** (***) (***) n/s 
Q1k – Exciting Environment *** n/s * * n/s ** n/s n/s n/s * 
Q1l – Solving Societal 
Problems 
** *** *** *** n/s *** (*) * *** n/s 
Q1m – Using 
Talents/Abilities 
*** ** * *** (*) * (***) *** n/s n/s 
Q1n – Hands On Work n/s n/s * n/s n/s n/s n/s * n/s n/s 
Q1o – Math/Science *** *** *** * n/s * n/s ** *** * 
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Table 16 Continued: Regression Comparison of Individual Design Thinking Scale Items for Career Goal Questions 
 
Question 3 Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Q3a - Math n/s n/s (*) n/s n/s n/s n/s n/s n/s n/s 
Q3b - Science/Math Teacher n/s n/s n/s n/s n/s n/s n/s n/s n/s ** 
Q3c - Environ. Science n/s n/s * n/s * *** (**) n/s * n/s 
Q3e - Physics n/s * * n/s n/s n/s n/s n/s n/s n/s 
Q3g - Bio-engineering n/s * * n/s n/s n/s n/s n/s * n/s 
Q3j - Civil Engineering n/s n/s n/s n/s n/s n/s n/s n/s n/s * 
Q3k - Industrial Engineering n/s n/s n/s n/s n/s n/s * n/s n/s (*) 
Q3m - Environ. Engineering * n/s n/s n/s n/s ** n/s n/s n/s ** 
Q3n - Electrical/Comp 
Engineering 
n/s n/s * n/s n/s n/s n/s n/s n/s n/s 
Question 4 (Factors) Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Fact4A - Water & Food n/s (*) n/s n/s n/s n/s n/s n/s n/s n/s 
Fact4B - Climate & 
Environment 
** *** *** *** ** *** (***) ** ** ** 
Fact4C - Disease *** *** *** *** n/s *** n/s *** *** n/s 
Fact4D - Poverty, Opps for 
Others 
*** *** *** *** n/s *** (***) *** *** *** 
Fact4E - Energy n/s ** ** *** * ** n/s n/s *** n/s 
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Table 16 Continued: Regression Comparison of Individual Design Thinking Scale Items for Career Goal Questions 
 
 
Question 4 Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Q4a - Energy n/s ** ** ** * ** n/s n/s *** n/s 
Q4b - Disease *** *** *** *** n/s *** n/s *** *** n/s 
Q4c - Poverty n/s ** ns n/s n/s n/s (*) n/s * n/s 
Q4d - Climate Change n/s * n/s * n/s * (**) ** n/s n/s 
Q4e - Terrorism/War n/s n/s * n/s n/s n/s n/s n/s n/s (*) 
Q4h - Opps for Future 
Generations 
*** *** *** *** n/s *** (*) *** *** *** 
Q4i - Opps for 
Women/Minorities 
n/s n/s n/s * n/s n/s n/s n/s ** * 
Q4J - Environ. Degradation n/s ** ** * ** *** (**) n/s n/s n/s 
Table Key  Significance * - p < 0.05; ** - p < 0.01; *** - p <0.001; n/s = Not Significant; NA = Not Applicable 
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Table 17: Regression Comparison of Individual Design Thinking Scale Items for Pedagogy Questions 
Significant Questions Regression Significance Level  
Question 10 Grouped Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Blogging n/s n/s n/s n/s n/s (**) * (***) (**) (*) 
Fieldtrips n/s n/s n/s n/s n/s n/s * n/s n/s n/s 
Games n/s n/s * n/s n/s n/s n/s n/s n/s n/s 
Binders n/s n/s ** * n/s n/s * n/s n/s * 
Clickers n/s n/s n/s n/s n/s n/s *** n/s n/s n/s 
Online Assignments n/s n/s n/s n/s n/s n/s * n/s n/s n/s 
Manipulate Physical 
Objects 
*** *** *** *** n/s *** (***) *** *** * 
Male Visitor * n/s n/s * n/s n/s * n/s n/s n/s 
Question 11 Grouped Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Lecture *** n/s n/s *** (*) n/s (*) *** ** ** 
Individual * * *** * n/s n/s n/s n/s * n/s 
Concepts n/s n/s ** n/s n/s n/s n/s * n/s  
Small Groups n/s n/s n/s n/s n/s n/s n/s n/s **  
Labs n/s n/s n/s n/s n/s n/s n/s n/s n/s (*) 
Classmates * n/s n/s ** n/s n/s n/s * n/s *** 
Discussion n/s n/s n/s (*) n/s n/s ** n/s n/s n/s 
Demonstrations n/s n/s n/s * * n/s n/s n/s n/s n/s 
Relevant *** *** *** * n/s ** n/s n/s n/s * 
They Ask Questions ** * *** * n/s ** n/s * *** n/s 
Others Ask Questions n/s * n/s n/s n/s n/s (*) * n/s *** 
Cold Call n/s n/s n/s n/s n/s n/s n/s n/s n/s n/s 
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Table 17 Continued: Regression Comparison of Individual Design Thinking Scale Items for Pedagogy Questions 
 
Question 12 Grouped Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Picked Topic n/s n/s ** n/s n/s n/s n/s n/s n/s n/s 
Design Build n/s n/s n/s n/s n/s n/s n/s n/s n/s n/s 
Present n/s n/s * n/s n/s n/s n/s n/s n/s n/s 
Community Issue n/s n/s n/s n/s n/s n/s *** n/s n/s n/s 
Integrated Ideas *** *** *** *** n/s *** (*) *** *** *** 
Question 13 Grouped Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Energy * *** ** n/s n/s n/s n/s n/s * n/s 
Population * n/s n/s * n/s n/s n/s n/s n/s n/s 
Water (*) n/s n/s n/s n/s n/s n/s n/s n/s n/s 
Food n/s n/s n/s n/s n/s n/s ** n/s n/s n/s 
Disease n/s * n/s n/s n/s * n/s * * * 
Sustainable Development n/s n/s n/s n/s * n/s  
n/s (**) n/s 
Biomimicry (**) (*) n/s n/s n/s (**) *** (***) (*) n/s 
Environmental 
Degradation 
n/s n/s n/s n/s n/s n/s n/s n/s * n/s 
Opportunities For Future 
Generations 
n/s * n/s n/s n/s * (*) ** ** ** 
Question 15 Grouped Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Computer n/s n/s n/s n/s n/s n/s * n/s n/s n/s 
Calculator n/s n/s n/s n/s n/s n/s *** n/s n/s n/s 
Equipment ** *** ** ** n/s *** (***) ** ** ** 
Non-Textbook Materials * n/s *** * * * n/s * n/s ** 
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Table 17 Continued: Regression Comparison of Individual Design Thinking Scale Items for Pedagogy Questions 
 
Question 16 Grouped Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Essay * * n/s n/s n/s n/s n/s * ** n/s 
Graphing n/s n/s n/s n/s n/s (*) n/s n/s n/s n/s 
Drawing n/s * n/s n/s n/s * (*) * * n/s 
Tables n/s n/s n/s n/s (*) n/s (*) n/s n/s n/s 
Analysis ** *** ** *** n/s * n/s ** n/s n/s 
Creativity * n/s *** n/s n/s ** n/s n/s n/s ** 
Multiple Answers n/s n/s n/s n/s n/s n/s ** (*) n/s n/s 
Question 21 Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Q21a - E/S Clubs * n/s * n/s n/s n/s n/s n/s n/s n/s 
Q21b - Tinkered n/s n/s n/s * n/s n/s n/s * ** n/s 
Q21c - Built Things n/s n/s n/s n/s n/s n/s n/s n/s n/s * 
Q21d - Other E/S 
Hobbies 
n/s n/s * n/s n/s n/s * (*) n/s (*) 
Q21e - Read/Watched 
E/S Programs 
* ** n/s n/s n/s *** (*) n/s *** n/s 
Q21f - Read/Watched 
SciFi 
*** *** * * n/s ** (***) *** ** n/s 
Q21g - Presented n/s n/s n/s n/s *** * n/s n/s n/s n/s 
Q21h - Explained To 
Experts 
n/s n/s n/s n/s ** n/s *** (**) (***) n/s 
Q21i - Explained To 
Non-Experts 
*** *** *** *** (***) * (***) *** *** *** 
Table Key 
 Significance * - p < 0.05; ** - p < 0.01; *** - p <0.001; n/s = Not Significant; NA = Not 
Applicable 
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Table 18: Regression Comparison of Individual Design Thinking Scale Items for Sustainability & Engin. Questions 
Significant Questions Regression Significance Level  
Question 22 Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Q22a – Sustain. W/O 
Lowering Living Stds 
*** *** ** ** n/s *** n/s *** *** *** 
Q22b – Human Ingenuity  ** ** ** * (***) * *** * *** *** 
Q22c – Feel 
Responsibility for 
Environ. Problems 
*** ** ** n/s *** *** (***) *** n/s * 
Q22d – Environ. 
Problems Make Future 
Hopeless 
(***) (*) n/s n/s NA ** *** n/s n/s n/s 
Q22e – I Can Contribute 
To Sustainable Future 
*** *** *** *** ** NA (***) *** *** *** 
Q22f – Sustainability 
Threatens Jobs 
n/s n/s n/s n/s *** *** *** (*) n/s ** 
Q22g – Sustainable 
Options Cost More 
*** * ** n/s ** *** *** *** n/s n/s 
Q22h – Nothing I Can 
Do Will Make Planet 
Better 
(***) (**) (*) n/s *** (***) NA (***) (***) (*) 
Q22i –Understand 
Sustainability Issues 
*** *** *** *** (***) *** *** *** *** n/s 
Q22j – Climate Change 
Caused By Humans 
n/s n/s n/s (*) *** n/s *** (*) n/s n/s 
Q22k – I’m Part of 
Nature 
*** *** *** ** n/s *** n/s *** *** * 
Q22l –Stronger Actions 
Against Climate Change 
** * n/s *** *** *** (***) *** ** n/s 
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Table 18 Continued: Regression Comparison of Individual Design Thinking Scale Items for Sust. & Engin. Questions 
 
Question 23 Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Q23a - Put On Clothes *** *** *** *** n/s *** (***) *** *** *** 
Q23b - Use Less Water n/s (*) (*) (**) n/s n/s n/s (*) (*) n/s 
Q23c - Evaluate Purchases *** *** *** *** n/s *** (**) *** *** *** 
Q23d - Consider Energy 
Impact of Food 
n/s n/s n/s n/s *** (**) *** (**) n/s n/s 
Q23e - Reuse Bottles *** *** * *** n/s *** (***) *** *** *** 
Q23f - Public Transport * n/s n/s n/s n/s n/s n/s n/s n/s * 
Q23g – Buy Eco Product n/s n/s n/s n/s * *** (***) *** n/s n/s 
Q23h – Sustain. Courses n/s *** *** *** n/s *** ** n/s n/s * 
Q23i - Time/Money To 
Environ Group 
n/s n/s n/s n/s *** n/s * n/s n/s ** 
Q23j - Educate Others *** ** *** *** n/s *** (**) * *** n/s 
Question 28 Q24h Q24f Q24g Q24j Q22d Q22e Q22h Q24i Q24b Q24c 
Q28a - Economic Growth n/s n/s n/s ** n/s ** n/s ** n/s n/s 
Q28b - National Security n/s n/s n/s n/s n/s n/s n/s (*) n/s n/s 
Q28c - Quality of Life *** *** * ** (**) ** (***) *** *** * 
Q28d - Saving Lives n/s ** ** *** n/s n/s n/s n/s ** n/s 
Q28e - Communities n/s n/s n/s n/s n/s n/s n/s n/s n/s n/s 
Q28f - Environment n/s * n/s n/s *** *** n/s n/s n/s n/s 
Q28g - Women ** n/s n/s n/s n/s n/s n/s n/s n/s n/s 
Q28h - Minorities n/s n/s n/s n/s n/s n/s n/s n/s n/s n/s 
Q28i - Societal Concerns ** n/s n/s * n/s n/s n/s * n/s n/s 
Q28j - Obligation to Others n/s n/s n/s n/s * n/s *** n/s (*) ** 
Table Key  Significance * - p < 0.05; ** - p < 0.01; *** - p <0.001; n/s = Not Significant; NA = Not Applicable 
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4.1.3. Revised Design Thinking Scale & Internal Consistency of Scale 
With the results of the exploratory factor analyses and linear regressions, the design 
thinking scale ultimately converged to nine likert-type items:  
 Question 24h – I seek input from those with a different perspective from me. 
 Question 24f – I identify relationships between topics from different courses. 
 Question 24g – I analyze projects broadly to find a solution that will have the 
greatest impact.  
 Question 24j – When problem solving, I focus on the relationship between 
issues. 
 Question 22e – I can personally contribute to a sustainable future. 
 Question 22h – Nothing I can do will make things better in other places on the 
planet. 
 Question 24i – I seek feedback and suggestions for personal improvement. 
 Question 24b – I hope to gain general knowledge across multiple fields.  
 Question 24c – I often learn from my classmates.  
These nine items grouped around five factors, feedback seeking, integrative 
thinking, optimism, collaboration, and experimentalism. The underlying constructs did 
differ slightly from the framework established by Tim Brown of IDEO. Namely these 
final five factors didn’t clearly show empathy, but instead seemed to show that students 
were feedback seekers. However given subsequent analysis of design thinkers career 
goals and aspirations in this study, it would appear that students are in fact empathetic.  
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Cronbach’s alpha () was calculated for the final nine design thinking measures 
to determine if the scale measured a unified latent construct of design thinking, i.e. to 
confirm internal consistency of the scale. The value of Cronbach’s alpha can range from 
0 to 1, where a larger alpha indicates greater internal consistency of items in a scale. 
Typically an alpha greater than or equal to 0.7 or 0.75 is considered acceptable (Coolican, 
2009). An acceptable Cronbach’s alpha of 0.76 was calculated for the revised nine-item 
design thinking scale, indicating that it was safe to believe that the nine items were 
measuring a single latent construct, which we hypothesize to be design thinking.  
4.2. Characterizing Design Thinkers 
After the design thinking scale was finalized, analysis on the refined data set 
(N=4,287 given by removing all students that didn’t respond to the design thinking items) 
commenced. Students were separated into design thinking and non-design thinking 
groups based on their scores on the design thinking scale; students scoring in the top 
quartile (score of 23 or higher) were considered design thinkers (N=1,325), whereas 
students scoring in the bottom quartile (score of 16 or lower) were considered non-design 
thinkers (N=1,174). Because one of the design thinking items was a negative indicator of 
optimism, a component of design thinking, the lowest score on the design thinking scale 
students could achieve was -4. The highest score a student could attain was 32.  
Basic statistics for the revised sample population (N=4,287) and subsets of that 
population are shown in Table 19. A proportions test was conducted with each subset and 
the entire sample to see if there were a greater percentage of design thinkers in the 
subpopulations or the entire sample population. Interestingly the engineering populations 
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had a statistically significant higher percentage (41%) of design thinkers when compared 
to the entire sample population (31%). However, it is important to remember that the 
sample for this study is first-year college freshman. Further studies would need to be 
conducted to see how this cohort of students would score on the design thinking scale at 
the end of their engineering degree. The trend for design thinking could ultimately be a 
downward spiral as students undertake the heavy, detailed course load of an engineering 
degree that requires substantial memorization, or these design thinking students may drop 
out of engineering after their first year. Male engineers (N=359) and female engineers 
(N=118) also had statistically significant higher percentages (39%, 47% respectively) of 
design thinkers when compared to the entire sample population (31%). Even though the 
female engineering population had 8% more design thinkers than male engineers there 
was no statistically significant difference found in the percentages, likely because of the 
much smaller sample sizes for the engineering populations. Again the findings are 
encouraging and warrant further investigation into whether females do in fact exhibit 
more design thinking traits than males.  
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Table 19: Summary Statistics for Sample Population & Sub Populations on Design 
Thinking Scale 
  
Entire 
Sample 
Engineers 
Non 
Engineers 
Male Female 
Male 
Engineer 
Female 
Engineer 
Sample Size     
Total N 
[Students] 
4287 533 3754 1755 2147 359 118 
Summary Statistics for Design Thinking Score     
Minimum -4 0 -4 -4 -1 1 0 
1st Quartile 16 17 16 16 16 17 19 
Median 20 21 20 20 20 21 22 
Mean 19.77 21 19.6 19.49 19.96 20.62 22.06 
3rd Quartile 23 25 23 23 24 25 25.75 
Maximum 32 32 32 32 32 32 32 
Design 
Thinkers               
N for Design 
Thinker 
1325 217 1108 508 690 140 55 
% Design 
Thinker 
31% 41% 30% 29% 32% 39% 47% 
Non Design Thinkers 
N for  
Non Design 
Thinker 
1174 116 1058 529 540 86 20 
% for  
Non Design 
Thinker 
27% 22% 28% 30% 25% 24% 17% 
Proportion Test with Entire Design Thinking Sample  
(Alternative Hypothesis= % Design Thinkers N=4287 is less than Comparison) 
Significance N/A *** n/s n/s n/s *** *** 
Significance: N/A - not applicable; n/s - not significant; * - p < 0.05; ** - p < 0.01;  
*** - p <0.001 
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As can be seen from the histogram of design thinking for the entire population is 
shown in Figure 4 and the histogram segmented by gender shown in Figure 5, the 
distribution of design thinking scores was relatively normal, with a slight skew to the left. 
The spike of students with a design thinking score of 14 suggests that few students scored 
very low on the design thinking scale (were extreme non-design thinkers), and instead a 
significant number of students fell at a more moderate point on the design thinking scale. 
The spike could have also been caused by non-normal distributions of the individual 
design thinking items.    
 
Figure 4: Histogram of Design Thinking Score for Entire Sample 
When the distribution was segmented by gender the shape of the male and female 
distributions largely followed the shape of the entire sample population as shown in 
Figure 5. In all there were 1,755 male students and 2,147 female students in the sample 
population (385 students did not report gender on the survey).  
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Figure 5: Histogram of Design Thinking By Gender 
 After conducting these basic analyses for the entire sample population and a few 
subpopulations, the study focused its efforts on describing design thinkers and comparing 
them with their counterparts, non-design thinkers. To begin to understand the 
backgrounds and interpret the interests of design thinkers, basic statistical tests were 
conducted for a collection of belief, interest, and motivation variables. Table 20 presents 
counts and percentages for ethnic, socioeconomic, academic, and school variables, as 
well as academic index scores for design thinkers and non-design thinkers as a whole and 
segmented by gender. Of the 1,325 design thinkers, 52% were female and 38% were 
male (10% did not report gender), whereas when examining the non-design thinkers 
reporting gender, only 46% were female and 45% were male (9% did not report gender). 
When considering race and ethnicity, the percentages for both design and non-design 
thinkers were similar. The largest differences were that 3% more Hispanic students, 2% 
fewer African American students, and 4% fewer Caucasian students were classified as 
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design thinkers than non-design thinkers. The majority of both design and non-design 
thinkers were born in the U.S.A. and had parents born in the U.S.A. However design 
thinkers had higher percentages of students whose parents (male-16% and female-17%) 
were born outside of the U.S.A. than students classified as non-design thinkers (male-
14% and female-13%). 
 Looking at the highest level of parent education, a strong indicator of 
socioeconomic status, design thinkers had slightly higher percentages of parents with 
bachelors and masters degrees, and lower percentages of parents that held a high school 
diploma as their highest educational degree. A slightly smaller percentage of design 
thinking students spoke English as their primary language (77%) when compared with 
non-design thinkers (81%). Design thinkers generally attended similar schools to non-
design thinkers, with the largest difference in school type being homeschooling. 
Approximately 3% of design thinkers were home schooled, compared with only 1% of 
non-design thinkers. Overall design thinkers were higher academic achievers than non-
design thinkers across a combined academic index and Math, Science, and English taken 
individually. Given their strong academic achievements and diverse backgrounds, design 
thinking students seem well poised to pursue a degree in engineering and science fields.  
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Table 20: Summary Statistics of Design Thinkers & Non Design Thinkers 
Measure 
Design Thinker (N=1325) Non Design Thinker (N=1174) 
Total 
N 
Female Male 
NA on 
Gender 
% Of 
Total 
DT 
Total N Female Male 
NA on 
Gender 
% Of 
Total 
NDT 
Gender                     
Female 690 690 - 
127 
52% 540 540 - 
105 
46% 
Male 508 - 508 38% 529 - 529 45% 
Race           
African-American 116 73 43 0 9% 125 58 66 1 11% 
South Asian 24 12 12 0 2% 22 10 10 2 2% 
Other Asian 31 16 15 0 2% 21 8 12 1 2% 
American Indian or 
Alaskan Native 
89 54 35 0 7% 70 31 37 2 6% 
Caucasian or White 826 474 351 1 62% 776 411 363 2 66% 
East Asian 46 26 20 0 3% 38 16 21 1 3% 
Native Hawaiian or 
Pacific Islander 
26 13 13 0 2% 19 7 11 1 2% 
Other 124 67 57 0 9% 90 34 53 3 8% 
Hispanic           
Hispanic 196 109 86 1 15% 142 66 74 2 12% 
Not Hispanic 920 536 285 0 69% 839 429 407 3 71% 
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Table 20 Continued: Summary Statistics of Design Thinkers & Non Design Thinkers 
Citizenship           
Born in USA 1088 630 456 2 82% 976 503 468 5 83% 
Male Parent Born in 
USA 
964 558 405 1 73% 887 460 424 3 76% 
Female Parent Born in 
USA 
957 554 402 1 72% 905 469 432 4 77% 
Not Born in USA 89 49 39 1 7% 78 26 51 1 7% 
Male Parent Not Born in 
USA 
214 122 90 2 16% 166 71 93 2 14% 
Female Parent Not Born 
in USA 
219 126 91 2 17% 151 65 84 2 13% 
English Spoken           
English Primary 
Language 
1022 593 428 1 77% 948 492 452 4 81% 
English Not Primary 
Language 
157 85 70 2 12% 106 45 61 0 9% 
Male Parent Education           
Less than High School 
Diploma 
117 67 43 7 9% 93 46 39 8 8% 
High School 
Diploma/GED 
275 146 109 20 21% 317 149 148 20 27% 
Some College or 
Associate Degree 
266 149 106 11 20% 236 122 103 11 20% 
Bachelor's Degree 253 138 103 12 19% 208 100 97 11 18% 
Master's Degree or 
Higher 
248 132 108 8 19% 167 74 77 16 14% 
Don't Know 39 20 17 2 3% 40 14 22 4 3% 
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Table 20 Continued: Summary Statistics of Design Thinkers & Non Design Thinkers 
Female Parent 
Education           
Less than High School 
Diploma 
93 52 33 8 8% 76 33 36 7 6% 
High School 
Diploma/GED 
238 130 92 16 20% 284 138 128 18 24% 
Some College or 
Associate Degree 
323 186 123 14 28% 272 142 119 11 23% 
Bachelor's Degree 336 169 151 16 29% 277 134 130 13 24% 
Master's Degree or 
Higher 
174 99 69 6 15% 132 55 62 15 11% 
Don't Know 29 14 14 1 2% 25 8 14 3 2% 
Type of School           
Private 167 90 62 15 13% 143 64 66 13 12% 
Public 1058 547 416 95 80% 956 443 430 83 81% 
Public Charter 30 3 20 7 2% 17 7 7 3 1% 
Private Religious 128 72 38 18 10% 111 53 44 14 9% 
Magnet School 37 20 13 4 3% 20 7 10 3 2% 
Vocational 23 11 9 3 2% 23 12 5 6 2% 
Baccalaureate 13 7 4 2 1% 17 5 10 2 1% 
Home-Schooled 39 23 12 4 3% 13 6 5 2 1% 
All Male or Female 48 33 13 2 4% 43 21 19 3 4% 
Foreign High School 33 17 14 2 2% 28 10 16 2 2% 
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Table 20 Continued: Summary Statistics of Design Thinkers & Non Design Thinkers 
College Credit Hours Completed 
0 513 284 200 29 39% 568 263 266 39 48% 
1 to 3 249 137 100 12 19% 215 116 87 12 18% 
4 to 6 162 92 66 4 12% 113 53 47 13 10% 
7 to 9 78 38 37 3 6% 52 22 27 3 4% 
10 to 12 72 36 30 6 5% 43 22 21 0 4% 
13 to 15 35 17 16 2 3% 32 16 15 1 3% 
> 15 93 49 38 6 7% 49 19 29 1 4% 
Academic Performance Index 
AI Total 0.568 0.579 0.562 - - 0.519 0.530 0.517 - - 
AI Science 0.584 0.588 0.585 - - 0.539 0.542 0.542 - - 
AI Math 0.464 0.454 0.479 - - 0.406 0.401 0.418 - - 
AI English 0.515 0.526 0.503 - - 0.462 0.466 0.465 - - 
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With a basic sketch of design thinkers beginning to emerge, the study turned to 
regression analysis to further describe and characterize design thinkers. Selecting the 
control variables was an important consideration for the linear regression analysis. To 
determine which variables to include as controls in the regressions, potential 
socioeconomic, race, ethnicity, gender, type of school, nationality, English as primary 
language, and academic performance variables were individually regressed with the 
variable design thinking (the 9 design thinking items taken as a whole). Several of the 
variables had one-star significance (*), or a significance level better than 0.05 or greater 
and are shown in Table 21. 
Table 21: Potentially Significant Control Variables 
Possible Control Variables Estimate Sig. 
Q5h - Home-Schooled 1.274 * 
Q40 - Gender -0.004 * 
Q41e - Race White -0.526 ** 
Q42 - Ethnicity Hispanic -0.002 * 
Q43c - Mom Born in USA 1.032 ** 
Q44 - English 0.710 * 
AI 2.989 *** 
AISci 3.055 *** 
AIMath 2.585 *** 
AIEngl 2.928 *** 
Significance: n/s - not significant; * - p < 0.05; ** - p < 0.01; *** - p <0.001 
Only control variables with a statistical significance of p < 0.01, were used as 
control variables in the linear regression analyses shown in Table 22 through Table 24. In 
all three control variables were used: (1) a negatively correlated white race variable 
(white students were less likely to score higher on the design thinking scale), (2) a 
positively correlated variable of student’s mothers being born in the U.S., and (3) a 
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positively correlated variable of high academic performance (shown in Table 21 as ‘AI’). 
The all-inclusive academic performance indicator (AI) was used as a control variable for 
simplicity in analysis, since all of the individual academic performance indicators were 
also very significant predictors of design thinking.  
 A summary of the significant findings from the linear regression analysis for three 
different career goal questions is presented in Table 22. The estimate (), standard error, 
and significance level are given for each statistically significant item from the regression 
analysis. A negative estimate indicates the item was negatively predictive of design 
thinking, whereas a positive estimate indicates the item is positively predictive of design 
thinking. Many items from question 1, which asked students to rate how important 
certain career factors were for their future career satisfaction on a scale of 0 (not at all 
important) to 4 (very important), were highly predictive of design thinking (significance 
of p < 0.001). Interestingly making money, supervising others, and having an easy job 
were negative predictors of design thinking, meaning students scoring higher on the 
design thinking are less likely to value these self-serving career factors. Even more 
encouraging were all the positively predictive career factors that we as educators, 
engineers, and a society want our students to have. Students scoring high on the design 
thinking scale were more likely to indicate helping others, inventing/designing things, 
developing new knowledge and skills, solving societal problems, and applying math and 
science as important career factors amongst other things. The regression model shown in 
Table 22 accounted for 19% of the variance in the data set, indicating it was a reasonably 
predictive model by education research standards. 
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Table 22: Summary of Linear Regression Analysis with Career Goals 
Question Estimate Std. Error Sig. 
Career Goals (Scale: 0-Not At All Important; 4-Very Important) 
Q1a Making money -0.292 0.124 * 
Q1c Helping others 0.696 0.123 *** 
Q1d Supervising others -0.429 0.091 *** 
Q1e Having job security and opportunity 0.574 0.135 *** 
Q1g Inventing/designing things 0.364 0.080 *** 
Q1h Developing new knowledge and skills 0.904 0.101 *** 
Q1j Having an easy job -0.648 0.088 *** 
Q1k Being in an exciting environment 0.420 0.110 *** 
Q1l Solving societal problems 0.645 0.088 *** 
Q1m Making use of my talents and abilities 0.704 0.139 *** 
Q1o Applying math and science 0.349 0.074 *** 
Percent Explained (from Adjusted R2) 19%     
Career Goals (Scale: 0-Not At All Likely; 4-Extremely Likely) 
Q3a Mathematics -0.198 0.091 * 
Q3c Environmental science 0.303 0.116 ** 
Q3g Bio-engineering 0.339 0.160 * 
Q3k Industrial/systems engineering -0.436 0.185 * 
Q3m Environmental engineering 0.410 0.154 ** 
Percent Explained (from Adjusted R2) 4%     
Career Goals (Mark All Topics You Wish To Address) 
Q4a Energy (supply or demand) 0.789 0.249 ** 
Q4b Disease 1.233 0.199 *** 
Q4c 
Poverty and distribution of wealth and 
resources 
0.629 0.237 ** 
Q4d Climate change 1.432 0.421 *** 
Q4h Opportunities for future generations 1.547 0.188 *** 
Q4i 
Opportunities for women and/or 
minorities 
0.666 0.235 ** 
Q4j Environmental Degradation 1.484 0.331 *** 
Percent Explained (from Adjusted R2) 8%     
Significance: * - p < 0.05; ** - p < 0.01; *** - p <0.001 
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Question 3 asked students to rate the current likelihood of choosing from a variety 
of science, engineering, or other non-science related careers. Environmental engineering 
and environmental science were both positive predictors (p-value < 0.01) of a high design 
thinking score, indicating a potential link between design thinking and student interest in 
the environment and sustainability. This model accounted for a small amount of the 
variance, only 4%, and taken alone would not be highly predictive of how a student 
performed on the design thinking scale.  
The last career goal regression model examined question 4 of the SaGE survey 
which asked students to indicate any topics they wished to directly address with their 
careers. The model showed that students scoring higher on the design thinking scale were 
more likely to want to address the crucial topics of energy, disease, poverty, climate 
change, opportunities for future generations, women, and minorities, and environmental 
degradation. Considering empathy was one of the characteristics the design thinking scale 
aimed to measure, these findings corroborate our expectations. Students that wish to 
dedicate their careers to solving key societal challenges are precisely what educators, 
politicians, and the general public have been calling for in the field of engineering and 
science.  
Aside from career goals and aspirations, this study also considered the 
relationship between design thinking and students’ sustainability beliefs and actions. The 
regression summary exhibited in Table 23 shows key findings from two regression 
models of questions 22 and 23. Questions 22 asked students to rate to what extent they 
disagreed or agreed with a series of sustainability belief statements. Two items from 
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question 22 were removed from the regression model as possible predictor variables 
because they were included in the design thinking scale. The results were promising: the 
model accounted for approximately 45% of the variance, which was again very high for 
education research, suggesting that sustainability beliefs may be a good predictor of 
design thinking in students.  
For the most part the directional relationship of individual sustainability belief 
items paralleled our expectations. One exception was question 22j, which asked students 
to what extent they believed in human-driven climate change. The model suggested a 
negatively correlated relationship between design thinking and believing in human-driven 
climate change (only slightly significant). This means as student’s design thinking scores 
went up, their belief that climate change is caused by humans decreased. The link 
between humans and climate change is widely accepted in the scientific community, so 
this misconception amongst design thinking students seems counterintuitive. However it 
is important to note that this item was only slightly significant, with a p-value < 0.05, 
which means a type I error (false positive) is more likely. It also could be that other 
underlying factors influence this unanticipated relationship between climate change belief 
and design thinking. Another exception was the positively predictive relationship 
between design thinking and question 22g, which stated that sustainability options 
typically cost more. The predictive ability of this item was more statistically significant 
than question 22j, but the notion that sustainability options are more expensive is a 
widely held misconception (Langdon, 2004). While there are numerous sustainable 
design choices accompanied by a higher price tag, there are many strategies that involve 
  121 
little added cost, or can even reduce costs. Some examples include passive heating and 
cooling systems and flexible dress codes to reduce heating and cooling loads. Many 
positive sustainability beliefs were positively correlated with a higher design thinking 
score including the belief that: sustainability can be pursued without lowering the 
standard of living; they feel a personal responsibility to deal with environmental 
problems; they have the knowledge to understand sustainability issues; they view 
themselves as part of nature; and they believe we should be taking stronger actions to 
address climate change.  
Question 23 asked students how likely they were to take a series of sustainability 
actions. Much like question 22, the predictive relationships of many items in question 23 
followed our expectations with the exception of questions 23b (use less water when 
showering) and 23d (consider the energy or ecological impact of food choices). Both 
question 23b and 23d were less predictive than the other items in the regression model 
(only a p-value < 0.01) meaning a Type I error was more possible.  Other factors not 
included in the model could also explain the negative correlation between design thinking 
and reducing water use and choosing more sustainable food.  
Overall a higher design thinking score correlated with energy conscious behaviors 
such as putting on more clothes rather than turning up the heat, conscious consumerism 
like evaluating the necessity of purchases, and pursuing and spreading sustainability 
knowledge. Students that scored higher on the design thinking scale are more likely to 
want to take a sustainability course related to their discipline and to want to educate 
others about sustainability issues. This finding in particular is valuable for educators and 
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administrators at both the K-12 and collegiate level. Providing students with 
opportunities to take courses in their major related to sustainability could be a potential 
way to recruit not only greater numbers, but also more diverse and skilled design thinking 
students to engineering. The regression model shown in Table 23 accounted for a 
significant portion of the variance, 24%, suggesting that sustainability behaviors may be a 
decent predictor of design thinking in students. 
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Table 23: Summary of Linear Regression Analysis With Sustainability Variables 
Question Estimate Std. Error Sig. 
Sustainability Beliefs (Scale: 0-Strongly Disagree; 4-Strongly Agree) 
Q22a  
We can pursue sustainability without 
lowering our standard of living 
0.453 0.074 *** 
Q22b  
Human ingenuity will ensure that we do 
not make the earth unlivable 
0.348 0.075 *** 
Q22c  
I feel a responsibility to deal with 
environmental problems 
0.301 0.082 *** 
Q22d  
Environmental problems make the 
future look hopeless 
-0.176 0.071 * 
Q22g  Sustainable options typically cost more 0.239 0.071 *** 
Q22i  
I have the knowledge to understand 
most sustainability issues 
0.737 0.076 *** 
Q22j  Climate changes is caused by humans -0.173 0.078 * 
Q22k  
I think of myself as part of nature, not 
separate from it 
0.398 0.071 *** 
Q22l  
We should be taking stronger actions to 
address climate change 
0.383 0.086 *** 
Percent Explained (from Adjusted R2) 45%     
Sustainability Actions (Scale: 0-Not At All Likely; 4-Extremely Likely) 
Q23a  
Put on more clothes rather than turn up 
the heat when I’m cold 
0.632 0.073 *** 
Q23b  
Use less water when taking a shower or 
bath 
-0.242 0.081 ** 
Q23c  Evaluate the necessity of things I buy 0.852 0.077 *** 
Q23d  
Consider the energy/carbon/ecological 
impact of my food choices 
-0.270 0.083 ** 
Q23e  
Reuse bottles for water, coffee, or other 
drinks 
0.736 0.078 *** 
Q23g  
Buy a product because it is 
environmentally friendly 
0.334 0.091 *** 
Q23h  
Take sustainability related courses in 
my area of academic interest 
0.312 0.082 *** 
Q23j  
Educate others about the importance of 
these or similar actions 
0.701 0.108 *** 
Percent Explained (from Adjusted R2) 24%     
Significance: * - p < 0.05; ** - p < 0.01; *** - p <0.001 
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The final regression model, shown in Table 24, considered the relationship 
between design thinking and students beliefs about the roles of engineers. Nearly 16% of 
the variance in the data could be explained by the model, yet again a significant 
percentage for education research. The results imply that students scoring higher on the 
design thinking scale were more likely to believe that engineers play a role in creating 
economic growth, improving the quality of life, saving lives, protecting the environment, 
and addressing societal concerns.  
Table 24: Summary of Linear Regression Analysis With Engineering Variables 
Question Estimate Std. Error Sig. 
Beliefs About Engineering (Scale: 0-Not At All; 4-Very Much So) 
Q28a  Creating economic growth 0.327 0.109 ** 
Q28c  Improving quality of life 0.837 0.128 *** 
Q28d  Saving lives 0.361 0.114 ** 
Q28f  Protecting the environment 0.331 0.117 ** 
Q28i  Addressing societal concerns 0.366 0.126 ** 
Percent Explained (from Adjusted R2) 16%     
Significance: * - p < 0.05; ** - p < 0.01; *** - p <0.001 
 
The regression analyses and basic statistics taken together paint a promising 
picture of young design thinkers. They appear to be a diverse group of high achieving 
students that see their career as an opportunity to positively impact the world. Their 
career satisfaction depends more on helping others, being able to create and invent, and 
making use of their talents and abilities. They see the big picture and interconnectivity of 
things, not viewing themselves as separate from nature, but a part of it. They are 
concerned and interested in tackling the economic, environmental, and social 
sustainability challenges our society is facing. This cohort of design thinkers believe 
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engineers play an important and altruistic role in the world by saving lives, protecting the 
environment, and addressing societal concerns.  
4.3. Comparing Design Thinkers & Non Design Thinkers 
With the characterization phase complete, the remainder of this doctoral research 
focused on comparing design thinkers with non-design thinkers using the nonparametric 
Mann-Whitney U and Chi Squared statistical tests. Remember earlier in the chapter the 
design thinking group was defined as students scoring in the top quartile on the design 
thinking scale (N=1,325; a score of 23 or greater), while students scoring in the bottom 
quartile were classified as non-design thinkers (N = 1,174; a score of 16 or lower). The 
means plus or minus the standard error and the median for design thinkers and non-
design thinkers as well as the significance of the Mann Whitney U test for questions 1, 3, 
22, 23, and 28 are shown in Table 25, Table 26 , Table 27, Table 27, Table 28 and Table 
29 respectively. Both the mean and median were provided as measures of central 
tendency because the median alone may not be an accurate representation of central 
location for non-parametric data. To denote the greater mean and make the tables easier 
to interpret, the means in the summary tables for the Mann Whitney U tests were bolded.   
The results of the Mann Whitney U and Chi Squared tests generally correlated 
with the findings from the linear regression analyses. Table 25 and Figure 6 suggest that 
design thinkers appear to be more socially minded then non-design thinkers, citing 
helping others, working with people, having personal and family time, and solving 
societal problems as important to their career satisfaction. Opportunities for growth and 
development also appear to be more important to design thinkers’ career satisfaction. 
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Design thinkers were more likely to cite inventing and designing things, developing new 
knowledge and skills, being in an exciting environment, and making use of their talents 
and abilities as necessary for their career satisfaction. 
As can be seen in Table 26, neither design thinkers nor non-design thinkers were 
likely to pursue a career in science or engineering. The mean responses for both groups 
were well below 1 on the scale trending towards “not at all likely.” However design 
thinkers still were slightly more likely to pursue careers in science and engineering than 
non-design thinkers. These findings simply point to the need to ramp up recruiting efforts 
across the board to draw more talent and diversity into engineering and science.  
Shifting the focus to students’ beliefs about sustainability shown in Table 27 and  
Figure 7, design thinkers continued to hold more positive beliefs about sustainability 
when compared with non-design thinkers. Viewing themselves as part of nature rather 
than separate from it suggests design thinkers possess stronger systems thinking 
tendencies than non-design thinkers. Conversely, non-design thinkers were more likely to 
believe that sustainability threatens jobs for people like them, while design thinkers were 
more likely to feel a personal responsibility for addressing sustainability issues. Unlike 
the regression models, the Mann Whitney U test suggests design thinking students are 
more likely to believe in human generated climate change. Also deviating slightly from 
the regression models, the results of the Mann Whitney U tests shown in Table 28 and 
Figure 8 demonstrate that design thinkers were significantly more likely to take all of the 
positive sustainability actions when compared with non-design thinkers. Specifically 
design thinkers were much more likely to put on more clothes rather than turn up the 
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heat, evaluate the necessity of their purchases, reuse plastic bottles, contribute time or 
money to an environmental group, and educate others about these issues.  
 Despite the fact that design thinkers did not indicate a strong desire to pursue a 
career in engineering or science, they were more likely than non-design thinkers to hold 
positive beliefs about the role engineers play in the world as shown in Table 29 and 
Figure 9. Design thinkers were more likely to see engineers as major role players in 
economic growth, environmental protection, addressing societal concerns, and caring for 
communities.  Future research should investigate why, despite possessing positive beliefs 
about engineering that align with their career goals, design thinkers remain unlikely to 
choose a career in engineering or science. Perhaps engineers and educators do not 
adequately point out the links between student career goals and these positive engineering 
roles. 
 The results of the Chi Squared test for question 4, which asked students “what 
topics do you hope to directly address with your career” are shown in Table 30 and 
Figure 10. Remarkably, nearly twice as many design thinkers as non-design thinkers 
wanted to directly address critical sustainability challenges such as energy, climate 
change, poverty, and disease with their careers. Knowing that design thinkers are 
interested in addressing these sustainability challenges more than their peers provides a 
valuable leverage point for engineering educators. Showing the links between 
engineering and addressing these sustainability challenges and providing students with 
opportunities to do so in engineering courses could enlist more design thinkers, and 
ultimately a more diverse group of students in the field of engineering. 
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Table 25: Mann Whitney U Test Summary for Question 1 Career Goal Variable 
Question 
Design Thinkers 
(Mean ± Std. 
Error)  
N = 1325 
Design 
Thinkers 
(Median)  
N = 1325 
Non Design 
Thinkers (Mean 
± Std. Error) 
N = 1174 
Non Design 
Thinkers 
(Median) 
N = 1174 
Sig. 
Career Goals (Scale: 0-Not At All Important; 4-Very Important) 
Q1a Making money 3.24 ± 0.024 3 3.36 ± 0.023 4 *** 
Q1c Helping others 3.58 ± 0.020 4 3.13 ± 0.027 3 *** 
Q1e Having job security and opportunity 3.66 ± 0.019 4 3.43 ± 0.023 4 *** 
Q1f Working with people 3.15 ± 0.028 3 2.81 ± 0.031 3 *** 
Q1g Inventing/designing things 2.06 ± 0.037 2 1.62 ± 0.036 2 *** 
Q1h Developing new knowledge and skills 3.42 ± 0.023 4 2.73 ± 0.031 3 *** 
Q1i Having lots of personal and family time 3.38 ± 0.023 4 3.24 ± 0.025 3 *** 
Q1j Having an easy job 1.61 ± 0.033 2 1.97 ± 0.032 2 *** 
Q1k Being in an exciting environment 3.25 ± 0.026 4 2.85 ± 0.029 3 *** 
Q1l Solving societal problems 2.46 ± 0.032 2 1.83 ± 0.033 2 *** 
Q1m Making use of my talents and abilities 3.71 ± 0.016 4 3.22 ± 0.025 3 *** 
Q1n Doing hands-on work 3.21 ± 0.027 4 2.77 ± 0.031 3 *** 
Q1o Applying math and science 2.29 ± 0.038 2 1.74 ± 0.037 2 *** 
Significance: * - p < 0.05; ** - p < 0.01; *** - p <0.001 
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Figure 6: Comparing Design Thinker & Non Design Thinker Median Response To Career Satisfaction Factors 
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Table 26: Mann Whitney U Test Summary for Question 3 Career Goal Variable 
Question 
Design Thinkers 
(Mean ± Std. 
Error)  
N = 1325 
Design 
Thinkers 
(Median)  
N = 1325 
Non Design 
Thinkers (Mean ± 
Std. Error) 
N = 1174 
Non Design 
Thinkers 
(Median) 
N = 1174 
Sig. 
Career Goals (Scale: 0-Not At All Likely; 4-Extremely Likely) 
Q3b Science/Math teacher 0.792 ± 0.032 0 0.642 ± 0.032 0 *** 
Q3c Environmental science 0.950 ± 0.034 0 0.569 ± 0.028 0 *** 
Q3d Biology 1.25 ± 0.040 1 0.855 ± 0.037 0 *** 
Q3e Physics 0.817 ± 0.033 0 0.537 ± 0.029 0 *** 
Q3f Chemistry 0.901 ± 0.036 0 0.557 ± 0.030 0 *** 
Q3g Bio-engineering 0.765 ± 0.032 0 0.449 ± 0.025 0 *** 
Q3h Chemical engineering 0.635 ± 0.030 0 0.397 ± 0.024 0 *** 
Q3i Materials engineering 0.642 ± 0.029 0 0.454 ± 0.026 0 *** 
Q3j Civil engineering  0.617 ± 0.030 0 0.502 ± 0.028 0 ** 
Q3k Industrial/systems engineering 0.592 ± 0.029 0 0.507 ± 0.029 0 * 
Q3l Mechanical engineering 0.753 ± 0.035 0 0.607 ± 0.032 0 * 
Q3m Environmental engineering 0.715 ± 0.032 0 0.454 ± 0.026 0 *** 
Q3n Electrical/computer engineering 0.805 ± 0.035 0 0.646 ± 0.033 0 ** 
Significance: * - p < 0.05; ** - p < 0.01; *** - p <0.001 
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Table 27: Mann Whitney U Test Summary for Question 22 Sustainability Belief Variable 
Question 
Design 
Thinkers 
(Mean ± Std. 
Error)  
N = 1325 
Design 
Thinkers 
(Median)  
N = 1325 
Non Design 
Thinkers (Mean 
± Std. Error) 
N = 1174 
Non Design 
Thinkers 
(Median) 
N = 1174 
Sig. 
Sustainability Beliefs (Scale: 0-Strongly Disagree; 4-Strongly Agree) 
Q22a  
We can pursue sustainability without 
lowering our standard of living. 
2.90 ± 0.031 3 2.11 ± 0.029 2 *** 
Q22b  
Human ingenuity will ensure that we 
do not make the earth unlivable. 
2.52 ± 0.032 3 1.99 ± 0.028 2 *** 
Q22c  
I feel a responsibility to deal with 
environmental problems. 
2.81 ± 0.031 3 1.83 ± 0.028 2 *** 
Q22d  
Environmental problems make the 
future look hopeless. 
2.02 ± 0.036 2 1.88 ± 0.030 2 * 
Q22f  
Pursuit of sustainability will threaten 
jobs for people like me. 
1.45 ± 0.036 1 1.72 ± 0.030 2 *** 
Q22g  
Sustainable options typically cost 
more. 
2.47 ± 0.032 3 2.17 ± 0.030 2 *** 
Q22i  
I have the knowledge to understand 
most sustainability issues. 
2.70 ± 0.030 3 1.97 ± 0.029 2 *** 
Q22j  Climate change is caused by humans. 2.19 ± 0.034 2 1.82 ± 0.031 2 *** 
Q22k  
I think of myself as part of nature, not 
separate from it. 
2.80 ± 0.034 3 1.89 ± 00.30 2 *** 
Q22l  
We should be taking stronger actions 
to address climate change. 
2.85 ± 0.032 3 2.03 ± 0.031 2 *** 
Significance: * - p < 0.05; ** - p < 0.01; *** - p <0.001 
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Figure 7: Comparing Design Thinkers & Non Design Thinkers On Sustainability Beliefs 
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Table 28: Mann Whitney U Test Summary for Sustainability Actions Variable 
Question 
Design Thinkers 
(Mean ± Std. 
Error)  
N = 1325 
Design 
Thinkers 
(Median)  
N = 1325 
Non Design 
Thinkers (Mean ± 
Std. Error) 
N = 1174 
Non Design 
Thinkers 
(Median) 
N = 1174 
Sig. 
Sustainability Actions (Scale: 0-Not At All Likely; 4-Extremely Likely) 
Q23a  
Put on more clothes rather than turn 
up the heat when I’m cold 
3.10 ± 0.031 3 2.29 ± 0.037 2 *** 
Q23b  
Use less water when taking a shower 
or bath 
2.17 ± 0.036 2 1.51 ± 0.033 2 *** 
Q23c  Evaluate the necessity of things I buy 3.06 ± 0.030 3 2.11 ± 0.034 2 *** 
Q23d  
Consider the 
energy/carbon/ecological impact of 
my food choices 
1.79 ± 0.038 2 1.24 ± 0.032 1 *** 
Q23e  
Reuse bottles for water, coffee, or 
other drinks 
3.12 ± 0.030 3 2.07 ± 0.036 2 *** 
Q23f  
Choose public transportation, 
carpool, bicycle or walk as a means 
of transportation 
2.33 ± 0.038 2 1.56 ± 0.034 2 *** 
Q23g  
Buy a product because it is 
environmentally friendly 
2.54 ± 0..035 3 1.63 ± 0.032 2 *** 
Q23h  
Take sustainability related courses in 
my area of academic interest 
2.29 ± 0.037 2 1.45 ± 0.033 2 *** 
Q23i  
Contribute time or money to an 
environmental group 
2.04 ± 0.036 2 1.23 ± 0.031 1 *** 
Q23j  
Educate others about the importance 
of these or similar actions 
2.28 ± 0.036 2 1.27 ± 0.031 1 *** 
Significance: * - p < 0.05; ** - p < 0.01; *** - p <0.001 
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Figure 8: Comparing Design Thinkers & Non Design Thinkers Sustainability Actions 
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Table 29: Mann Whitney U Test Summary for Question 28 Engineering Beliefs Variable 
Question 
Design 
Thinkers 
(Mean ± Std. 
Error)  
N = 1325 
Design 
Thinkers 
(Median)  
N = 1325 
Non Design 
Thinkers (Mean 
± Std. Error) 
N = 1174 
Non Design 
Thinkers 
(Median) 
N = 1174 
Sig. 
Beliefs About Engineering (Scale: 0-Not At All; 4-Very Much So) 
Q28a  Creating economic growth. 2.65 ± 0.035 3 1.81 ± 0.036 2 *** 
Q28b  Preserving national security. 2.52 ± 0.036 3 1.81 ± 0.035 2 *** 
Q28c  Improving quality of life. 3.20 ± 0.029 3 2.21 ± 0.036 2 *** 
Q28d  Saving lives. 2.99 ± 0.033 3 2.15 ± 0.037 2 *** 
Q28e  Caring for communities. 2.89 ± 0.032 3 2.11 ± 0.035 2 *** 
Q28f  Protecting the environment. 2.97 ± 0.032 3 2.09 ± 0.036 2 *** 
Q28g  
Including women as participants in 
the field. 
2.79 ± 0.034 3 2.04 ± 0.036 2 *** 
Q28h  
Including racial and ethnic minorities 
as participants in the field. 
2.85 ± 0.034 3 2.07 ± 0.036 2 *** 
Q28i  Addressing societal concerns. 2.82 ± 0.033 3 1.97 ± 0.035 2 *** 
Q28j  
Feeling a moral obligation to other 
people. 
2.58 ± 0.036 3 1.92 ± 0.036 2 *** 
Significance: * - p < 0.05; ** - p < 0.01; *** - p <0.001 
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Figure 9: Comparing Design Thinkers & Non Design Thinkers Beliefs About Engineering 
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Table 30: Chi Squared Test Summary for Question 4 Career Goal Variable 
Question 
Percent Design 
Thinkers 
Indicating 
Percent Non 
Design Thinkers 
Indicating 
Chi Squared 
Value           
(X-Sq.) 
Sig. 
Career Goals (Mark All Topics You Wish To 
Address)         
Q4a Energy (supply or demand) 23% 14% 35.2 *** 
Q4b Disease 34% 21% 57.5 *** 
Q4c 
Poverty and distribution of wealth and 
resources 
31% 16% 76.9 *** 
Q4d Climate change 10% 4% 42.0 *** 
Q4e Terrorism and war 13% 10% 4.6 * 
Q4f Water supply (e.g. shortages, pollution) 20% 10% 44.8 *** 
Q4g Food availability 21% 12% 36.4 *** 
Q4h Opportunities for future generations 61% 38% 129.1 *** 
Q4i 
Opportunities for women and/or 
minorities 
32% 16% 87.2 *** 
Q4j Environmental Degradation 17% 6% 77.6 *** 
Significance: * - p < 0.05; ** - p < 0.01; *** - p <0.001 
 
  
1
3
8
 
 
 
Figure 10: Comparing Design Thinkers & Non Design Thinkers On Topics They Wish To address With Their Careers 
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CHAPTER FIVE 
CONCLUSIONS: HOW WE CAN USE WHAT WE LEARNED TO CHANGE 
ENGINEERING EDUCATION  
This final chapter summarizes the major findings of this study, acknowledges the 
implications and limitations of this research, and proposes directions for future research. 
Over the course of this project we have learned a lot about who design thinkers are, as 
well as what their interests and beliefs are. Armed with this knowledge we can adjust our 
outreach and educational experiences to bring more design thinkers and their enthusiasm 
to the field of engineering.  
5.1.  Summary  
It is widely recognized that we need a diverse group of engineers that think 
creatively, design holistically, and work collaboratively to create a more sustainable 
future for the United States and the World at large. Still, the dominance of both white 
males and safe and incremental problem-solving approaches in engineering endures. 
Nevertheless the national push for more engineers and scientists cannot simply be a 
shortsighted attempt to funnel a certain quota of young people into the STEM disciplines. 
Experts, leaders, and educators have also highlighted the necessity of graduating 
engineers that are comfortable with complexity and change, skilled in collaboration and 
innovation. Achieving these goals will require a diverse mix of students entering the 
STEM disciplines from a variety of cultural, socio-economic, and experiential 
backgrounds.  
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A rich diversity in the way engineers think and approach problems will only lead 
to more creative and unexpected solutions to our most pressing issues of energy, water, 
economic vitality, and climate change. Creating a more sustainable future will require 
that we recruit and educate a workforce eager and equipped to engage our society’s most 
pressing design problems head on. In an article for the Harvard Business Review, IDEO’s 
(an industry leader in design thinking) CEO, Tim Brown put the challenge this way:  
“These problems all have people at their heart. They require a human-centered, 
creative, iterative, and practical approach to finding the best ideas and ultimate 
solutions. Design thinking is just such an approach to innovation” (Brown, 2008).  
Enhancing diversity in engineering and science could greatly shift the engineering 
design paradigm towards this more human-centered design approach, ultimately yielding 
more innovative and synergistic solutions. And design thinking may be key to addressing 
both the innovation and diversity gaps that exist in engineering. To understand whom 
design thinkers are, we turned again to Tim Brown of IDEO. Characteristics to look for 
include empathy—they imagine the world from multiple perspectives, integrative 
thinking—they can analyze at a detailed and holistic level to develop novel solutions, 
optimism—they do not back down from challenging problems, experimentalism—they 
ask questions and take new approaches to problem solving, and collaboration—they 
work with many different disciplines and often have experience in more than just one 
field (Brown, 2008). 
Even though the need for engineers skilled and capable in collaborative design 
has been widely recognized, little research has been conducted to characterize and 
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understand the career goals and aspirations of students with early or natural propensities 
for collaboration and design thinking. This study built upon the ideas proposed by Brown 
and the recognized needs for change in engineering by developing and testing measures 
of design thinking propensities amongst a nationally representative first year college 
student sample. The relationships between design thinking propensities and other 
variables (e.g. gender, sustainability preferences, major choice, high school pedagogies) 
were explored. The hope is the findings will inform academics and policy makers 
interested in broadening participation in engineering and creating a more resilient and 
innovative engineering workforce.  
The first question this research intended to answer was: how might we begin to 
measure design thinking propensities in students? The initial phase of the data analysis 
concentrated on creating the design thinking scale to address this question. A series of 
exploratory factor analyses (EFA’s) were conducted to eliminate misfit items from the 
list of potential design thinking measures until a statistically significant and logical factor 
structure emerged. Initially eighteen items were considered for inclusion in the design 
thinking scale. A series of linear regressions were also conducted to compare the 
predictive ability of ten items from the SaGE survey grouped together into a variable 
called design thinking, with the predictive ability of the ten items individually for the 
following variables: students career goals, interest in sustainability, and beliefs about 
engineering. The findings of the regression analyses augmented the EFA’s and were used 
to select the final nine design thinking measures. The design thinking scale ultimately 
converged to nine likert-type items:  
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 Question 24h – I seek input from those with a different perspective from me. 
 Question 24f – I identify relationships between topics from different courses. 
 Question 24g – I analyze projects broadly to find a solution that will have the 
greatest impact.  
 Question 24j – When problem solving, I focus on the relationship between 
issues. 
 Question 22e – I can personally contribute to a sustainable future. 
 Question 22h – Nothing I can do will make things better in other places on the 
planet. 
 Question 24i – I seek feedback and suggestions for personal improvement. 
 Question 24b – I hope to gain general knowledge across multiple fields.  
 Question 24c – I often learn from my classmates.  
This final design thinking scale guided the subsequent statistical testing, 
modeling, and comparison of the data for this study. Cronbach’s alpha () was calculated 
for the final nine design thinking measures to determine if the design thinking measuring 
a unified latent construct of design thinking, i.e. to confirm internal consistency of the 
scale. An acceptable Cronbach’s alpha of 0.76 was calculated; meaning it was safe to 
believe that the items are measuring a single latent construct, design thinking.  
With a means to measure student’s propensity for design thinking, the research 
shifted its focus to the second and third research questions: what are the characteristics of 
freshman college students self-identifying as design thinkers, and are there any 
differences between design thinkers and non-design thinkers? Students were separated 
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into design thinking and non-design thinking groups based on their scores on the design 
thinking scale; students scoring in the top quartile (score of 23 or higher) were considered 
design thinkers (N=1,325), whereas students scoring in the bottom quartile (score of 16 
or lower) were considered non-design thinkers (N=1,174). Design thinkers were 
characterized and compared with non design thinkers using basic statistics, Mann-
Whitney U tests, chi-square tests, and multiple linear regression modeling. Three control 
variables were used for the linear regression modeling: (1) a negatively correlated white 
race variable (white students were less likely to score higher on the design thinking 
scale), (2) a positively correlated variable of student’s mothers being born in the U.S., 
and (3) a positively correlated variable of high academic performance. 
Of the 1,325 design thinkers, 52% were female and 38% were male, whereas 
when examining the non-design thinkers, only 46% were female and 45% were male. 
When considering race and ethnicity, the distributions for both design and non-design 
thinkers were similar. To glean information about the relationship of socioeconomic 
status and design thinking, parent’s highest level of education was considered. Design 
thinkers had slightly higher percentages of parents with bachelor’s and master’s degrees, 
and lower percentages of parents that held a high school diploma as their highest 
educational degree. High academic achievers, design thinkers scored higher than non-
design thinkers on the academic performance indices across all subjects taken together 
and Math, Science, and English taken individually. Given their strong academic 
achievements and diverse backgrounds, design thinking students would be well poised to 
pursue a degree in engineering and science fields. 
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To characterize and compare design thinkers with non design thinkers, the study 
first considered student’s career goals. Both the linear regression models and Mann 
Whitney U tests offered valuable insights about the career interests and goals of design 
thinkers. Making money, supervising others, and having an easy job were negative 
predictors of design thinking, signifying students with higher design thinking scores were 
less likely to value these negative career factors. Interestingly, students scoring higher on 
the design thinking scale were more likely to indicate helping others, inventing/designing 
things, developing new knowledge and skills, solving societal problems, and applying 
math and science as important career factors. The findings also suggested that careers in 
environmental engineering and environmental science were positive predictors of a high 
design thinking score, indicating a potential link between design thinking and student 
interest in the environment and sustainability. The Mann Whitney U and Chi Squared 
tests corroborated many of these findings. Opportunities for growth and development 
appeared to be more important to design thinkers career satisfaction. Design thinkers 
were more likely to cite inventing and designing things, developing new knowledge and 
skills, being in an exciting environment, and making use of their talents and abilities as 
necessary for their career satisfaction.  
The Mann Whitney U test also demonstrated that neither design thinkers nor non 
design thinkers were likely to pursue a career in science or engineering. The mean 
responses for that question were well below 1 on the scale tending towards “not at all 
likely.” However design thinkers still were slightly more likely to pursue careers in 
science and engineering than non design thinkers. Nearly twice as many design thinkers 
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as non design thinkers reported wanting to directly address crucial sustainability 
challenges like energy, climate change, poverty, and disease with their careers. Exposing 
the links between engineering and addressing these sustainability challenges and 
providing students with opportunities to do so in engineering courses could enlist more 
design thinkers, and ultimately a more diverse group of students in the field of 
engineering. 
Shifting the focus to students’ beliefs and actions about sustainability the linear 
regression analyses and Mann Whitney U tests suggested a strong correlation between 
interest in sustainability and design thinking. The sustainability belief regression model 
accounted for approximately 45% of the variance, implying that sustainability beliefs 
may be a good predictor of design thinking in students. For the most part positive 
sustainability beliefs correlated with a higher design thinking score. One exception was 
question 22j, which asked students to what extent they believed in human-driven climate 
change. The model suggested a slightly significant negatively correlated relationship 
between design thinking and believing in human-driven climate change; meaning as 
student’s design thinking score went up, their belief that climate change is caused by 
humans decreased. This negative relationship could be attributed to other factors not 
accounted for in the model. This is especially likely given that the Mann Whitney U tests 
supported the notion that design thinkers were more likely to believe in human-driven 
climate change than non design thinkers. Overall, design thinkers held more positive 
beliefs about sustainability when compared with non-design thinkers. Non design 
thinkers were more likely to believe that sustainability threatens jobs for people like 
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them, while design thinkers were more likely to feel a personal responsibility for 
addressing sustainability issues. Unlike the regression models, the results of the Mann 
Whitney U test suggested design thinking students are more likely to believe in human 
generated climate change.  
Generally a higher design thinking score also correlated with energy conscious 
behaviors such as putting on more clothes rather than turning up the heat, conscious 
consumerism like evaluating the necessity of purchases, and pursuing and spreading 
sustainability knowledge. Students that scored higher on the design thinking scale were 
more likely to want to take a sustainability course related to their discipline and to want 
to educate others about sustainability issues. Providing students with opportunities to take 
courses in their major related to sustainability could be a potential way to recruit not only 
greater numbers, but also more diverse and skilled design thinkers into engineering. 
Deviating slightly from the regression models, the Mann Whitney U tests demonstrated 
that design thinkers were significantly more likely to take all of the positive sustainability 
actions when compared with non design thinkers.  
The relationship between student’s beliefs about engineering and design thinking 
was the last major area for investigation. The linear regression and Mann Whiney U tests 
indicated that students scoring higher on the design thinking scale were more likely to 
believe that engineers play a role in creating economic growth, improving the quality of 
life, saving lives, protecting the environment, and addressing societal concerns. For 
STEM educators and parents, emphasizing and exposing students to these important roles 
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engineers play is just one way to encourage more diverse design thinking students to 
embark on a career in engineering. 
The basic statistics, regression models, Mann Whitney U tests, and Chi-Squared 
tests taken together paint an interesting portrait of design thinkers and provide valuable 
information about their interests, motivations, and beliefs. This portrait helps to answer 
the fourth and final research question of this study: how might the findings of this 
research inform educators and policy makers about how to create a more engaging 
engineering experience that prioritizes design and design thinking in undergraduate 
engineering programs? Design thinkers are a diverse group of high achieving students 
that see their career as an opportunity to positively impact the world. The findings 
suggest that design thinkers have more positive career goals, possess stronger and more 
positive beliefs about sustainability, take more positive sustainability actions, and believe 
that engineers play a vital role in sustainable development. Design thinkers value 
opportunities for growth and development in their careers. They cited inventing and 
designing things, developing new knowledge and skills, being in an exciting 
environment, and making use of their talents and abilities as necessary for their career 
satisfaction. Design thinking students are systems thinkers that see the interconnectivity 
of things, not viewing themselves as separate from nature, but a part of it. They are 
concerned and interested in tackling the economic, environmental, and social 
sustainability challenges our society is facing. These are the types of students we need in 
engineering.  
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Now that we understand better who design thinking students are and what they 
care about, we can change our outreach efforts to more effectively recruit them to 
engineering and science. Given the findings, educators, parents, and engineers would do 
well to make clear the role engineers play in sustainable development, solving societal 
problems, and improving people’s lives. For STEM educators and parents, emphasizing 
and exposing students to these important roles engineers play could be one way to 
encourage more diverse design thinking students to embark on a career in engineering. 
The key is to not just tell students that engineers play these roles, but to actively engage 
them in pedagogy and experiences that give them the chance to practice engineering in 
the context of these roles. Some examples might include engineering service learning 
experiences such as Engineers Without Borders, startup challenges, or project-based 
classes like those offered by Stanford University’s d. School that engage students in real-
world design problems.  
Understanding the values, motivations, and interests of design thinkers also points 
to ways educators can retain design thinking students in engineering and science. College 
experiences that provide these students with hands-on design opportunities that address 
real-world sustainability challenges would be a good starting point. Given the strong 
percentage of female design thinkers, recruiting more design thinking students into 
engineering could also be a synergistic way to introduce more diversity into the field. 
Design thinkers are precisely what we need more of in engineering and science. And it 
just so happens that recruiting more design thinkers could also reduce the gender and 
diversity gaps that persist in the field of engineering. Design thinking presents many 
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opportunities for solving our most pressing engineering challenges, both inside the 
classroom and out in the real world. 
5.2.  Implications 
This study began to answer several important questions and provided useful 
insights and tools for future researchers, educators, parents, and policy makers.  
 Ultimately nine items were written, tested, and evaluated to create a preliminary 
design thinking scale to measure five design thinking traits in students. The 
design thinking scale measures (1) feedback seekers—they ask questions, and 
look for input from others to make decisions and change directions, (2) 
integrative thinking—the ability to analyze at a detailed and holistic level to 
develop novel solutions, (3) optimism—the resilience to not back down from 
challenging problems, (4) experimentalism—the predisposition to ask questions 
and take new approaches to problem solving, and (5) collaboration—the ability to 
work with many different disciplines. This design thinking scale will serve as a 
good starting point for measuring design thinking in college students and possibly 
older high school students. Engineering educators could also use the scale to help 
identify the design thinking propensities in students to create more balanced 
teams for class projects.  
 The career goals, beliefs and actions about sustainability, and beliefs about 
engineering were explored for both design thinkers and non design thinkers. 
Understanding these key interests, attitudes, and beliefs can provide guidance 
about how to recruit and retain design thinkers in engineering. To peak design 
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thinkers interests, K-12 educators can begin early on in students’ academic 
careers to reinforce the role engineers play in addressing our most pressing 
sustainability issues. University faculty and engineering departments can revise 
their course offerings to better engage design thinkers and prepare students for the 
complex design challenges that wait for them after graduation.  
 Design thinkers and non design thinkers are two distinct groups. This study was 
interested in determining if design thinkers were really different from their peers. 
The findings suggest that they are very different from their peers across a variety 
of career goal, sustainability belief, and engineering belief variables. Finding 
differences between the two groups further reinforces the notion that the design 
thinking measures are in fact detecting a unique set of latent constructs.  
 Design thinkers are what we need and say we want more of in engineering and 
science. Twice as many design thinkers as non design thinkers reported wanting 
to directly address crucial sustainability challenges like energy, climate change, 
poverty, and disease with their careers. Design thinkers seem to derive career 
satisfaction from opportunities for growth and development considering they were 
more likely to cite inventing and designing things, developing new knowledge 
and skills, being in an exciting environment, and making use of their talents and 
abilities as necessary for their career satisfaction. These factors for career 
satisfaction likely translate into student satisfaction in the classroom. Teachers 
want students that are inventive, curious, and looking to grow and learn. Design 
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thinking students want to be in a class that values this and provides them with 
opportunities to take chances and develop.  
 Design thinkers are a diverse group of people, which provides educators and 
universities with a unique opportunity to close the diversity and gender gaps in 
engineering. Of the 1,325 design thinkers, 52% were female and 38% were male 
(10% did not report gender), whereas when examining the non-design thinkers 
reporting gender, only 46% were female and 45% were male (9% did not report 
gender). While the racial distributions for both design and non-design thinkers 
were similar, there were differences. The largest differences were that 3% more 
Hispanic students, 2% fewer African American students, and 4% fewer Caucasian 
students were classified as design thinkers than non-design thinkers. Design 
thinkers also had higher percentages of students whose parents (male-16% and 
female-17%) were born outside of the U.S.A. than students classified as non-
design thinkers (male-14% and female-13%). Given this diversity of 
backgrounds, recruiting design thinkers into engineering provides a unique 
opportunity to educators. In addition to enhancing the quality of incoming 
engineering students, recruiting more design thinkers could also reduce the gender 
and diversity gaps that persist in the field of engineering. 
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5.3.  Limitations 
While this study yielded many interesting findings, the following limitations should 
be considered:  
 Time. Ideally multiple iterations of the design thinking scale could have been 
tested to further refine and validate it as an instrument. However the time and 
costs involved with revising the survey instrument, recruiting another nationally 
representative sample, administering and collecting surveys from an additional 
sample would exceed the typical duration of a doctoral program.   
 Sample size. While this study did have a fairly large and nationally representative 
sample (N=6,772), larger samples always allow for more generalizability of the 
data. Once non-responses were removed from the data set, the sample size for this 
study shrunk to N=4,287.  In future iterations of the SaGE survey more schools 
should be recruited to participate to increase the final sample size.  
 The factor structure in exploratory factor analysis is subject to the researcher’s 
interpretation and biases. There is no single right way to interpret the latent 
constructs that factors are measuring. Each researcher makes his or her best guess 
based on the literature, the data, and the items to generate a theory to explain the 
factors. This obviously introduces bias and validity concerns.  
 Number of items making up the design thinking scale. Including a larger number 
of items in the design thinking scale would allow for a cleaner and more reliable 
factor structure to emerge. It is typically better for instrument validity to include 
more than one item measuring a particular construct. However this study could 
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not change or add questions once the survey was finalized with Scantron. The best 
measures from the survey were found using rigorous methods including 
exploratory factor analysis and linear regression modeling.  
 Latent constructs cannot be directly measured. For any psychological scale or 
instrument there are complications with measuring variables of interest. Beliefs, 
attitudes, and interests cannot be measured directly like time taken to complete a 
task or items missed, and must instead be inferred from responses to survey items.  
5.4.  Future Research  
  This study began to answer several important questions around design thinking 
and engineering education. But in the process, more questions surfaced. Therefore, future 
research should focus on:  
 Refining and validating the design thinking scale. While nine measures of design 
thinking is a substantial starting point, the scale created in this study is by no 
means complete or final. Adding and refining questions will enhance the validity 
and usefulness of the instrument.  
 Exploring the change in design thinking scores of engineering students 
throughout their undergraduate studies. It would be interesting and important to 
track the change in design thinking ability of engineering students as they take 
classes and advance through their engineering programs. The trend for design 
thinking could ultimately be a downward spiral as students undertake the heavy, 
detailed course load of an engineering degree that requires substantial 
memorization, or these design thinking students may drop out of engineering after 
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their first year. Tracking students design thinking development could point to 
particular programs that are successful and could serve as models for engineering 
programs nationwide.  
 Exploring pedagogy and experiences that impacts design thinking in students. 
Understanding how different pedagogical strategies and extracurricular activities 
or interests can impact student’s design thinking abilities is crucial. Design 
thinking is a skill set that can be learned and developed. Engaging students at a 
young age and throughout school to develop these skills is important for creating 
professionals capable of tackling our largest and most pressing sustainability 
challenges.  
 Exploring the reasons behind low student interest in engineering and science. 
While design thinkers were statistically significantly more interested in 
engineering and science careers than non design thinkers, the interest level 
remained dismally low. This was even more perplexing given the overlap between 
their career goals and beliefs about sustainability. Interviewing students to gain an 
understanding of why a lack of interest persists is a crucial step in recruiting more 
design thinkers into engineering and science.  
 5.5.  Concluding Remarks  
 The sustainable development challenges we face as engineers are large, but not 
insurmountable. They will require a new problem solving approach and tremendous 
enthusiasm and resiliency from engineers and designers. Design thinking is just one 
approach to problem solving that could solve both the issues of diversity in engineering 
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and the need for uniquely qualified engineers. This study took initial strides to create an 
instrument to measure design thinking characteristics in students. While it is by no means 
a finalized scale, the design thinking scale from this study is a solid foundation for future 
research. Aside from measuring design thinking in students, this study also worked to 
characterize and understand design thinkers. Understanding who design thinkers are and 
what they care about arms engineering educators, policy makers, and university 
administration with useful knowledge to tailor their recruitment efforts and the structure 
of engineering programs to attract, retain, and create design thinkers.  
This study found that design thinkers are interested in solving our most pressing 
sustainability challenges. They are bright students that excel academically, with an 
interest in inventing and continually growing in their careers. They live by their 
sustainability values and want their work to actively tackle energy, climate, poverty, and 
inequality issues. Design thinkers want to save the world, and we shouldn’t just let them, 
we should help them.  
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 APPENDIX A 
SUSTAINABILITY AND GENDER IN ENGINEERING (SAGE) SURVEY 
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